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PREFACE. 



The great suocess which has attended the issue of the 
first series of Lectures, under the title of Useful Infor- 
mation for ^En^bieers, has induced me to publbh the pre- 
sent Tolume, in which will be found various original 
papers not before printed, or not easily accessible to or- 
dinary readers. 

In the discourse on the education of working men, I 
have shown what a wide field is still open for talent com- 
bined with industry and perseverance in the attainment of 
distinction in science and art. I have not hesitated to en- 
courage the young aspirant to prepare himself by mental 
culture and vigorous exertion for the realisation of an 
honourable name in the voyage of life. To awake an 
honest ambition, and to render sensible latent talents, were 
the objects of various addresses delivered from time to 
time in various Institutes, and I flatter myself that the 
reader will not blame me for seeking to give a wider cir- 
culation and a more permanent value to such an attempt 
than was possible in an oral lecture. I hope that in stim- 
ulating working men to cultivate their powers to the 
highest point of development, I have not ventured beyond 
professional duty, and that the reader will sympathise with 
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of the material. That such Btndns ezitt to an injorioiis 
extent is often seen in cast iron, and was foond to exist to 
a still greater extent in the experiments on glass. Let as 
hope that foriher researches may be made on this point, 
and greater certainty secured in metallic constructions, 
nnder the influence of temperatures producing in sucoesuon 
the fluid, the semi-fluid, and the solid state. 

On the influence of temperature on the cohesive streng^ 
of wrought iron I made, some time ago, the experiments 
recorded in the succeeding paper. These extend from 
helow zero to a dull red heat, and will, I trust, be found of 
yalae in showing the conditions in which the material can 
be trusted when exposed to increased or diminished tem- 
peratures. 

I have reprinted the paper on the Compressive Strength 
of Brick and Stone for the guidance of the engineer and 
architect, and they may safely be relied upon in calculating 
the strength of piers, walls, and other structures where 
these materials are employed. 

The Lecture on the Machinery employed in Agriculture 
was undertaken at the request of several distinguished 
agriculturalists, and amongst them the Right Honourable 
the Speaker of the House of Commons. In this brief 
treatise I have endeavoured to point out the defects of our 
present improved and improving system, and to propose 
remedies for them. I have especially urged upon the 
farmer the value and necessity of machine culture, in order 
to increase the productiveness of the soil, and to secure 
the crops with greater certainty and despatch. I have 
directed attention to the state of the land, and the im- 
provements required before machine culture can be effi. 
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catastrophes might be in some caaes averted, I waa induced 
to yentnre on the inqniiy, and finding that a want of 
fbreoight in the builder, or a want of knowledge of the 
coDditions of rupture of iron yeasela on the present prin* 
dpie of construction appeared to exist, I loat no time in 
applying the results of my own experiments on girders to 
diis case, and submitted my conclusions to the shipowners 
of Liverpool and the members of the Polytechnic Institute 
of that town. The same paper was subsequently read 
before the Institute of Naval Architects in London, and 
forms the fifth lecture of the present volume. 

In the sixth lecture I have applied the same principles 
to vessels of still larger size, where a modified form of 
coostruction appeared necessary. I earnestly hope that 
the views thus recorded may lead to further inquiry, and 
subsequently to a class of experiments calculated to ensure 
safety, and that with a more correct and judicious distri- 
bution of the material and more exact principles of con* 
stmction. 

It was originally my intention in the publication of this 
series to have resumed an inquiry into the properties of 
steam. This experimental investigation has occupied my 
attention, along with that of my friend and colleague Mr. 
Thomas Tate, for the last three years, and although wc 
have arrived at important results in regard to density and 
expansion, up to 60 lbs. pressure per square inch, wc are 
short of data for extending them to higher pressures and a 
greater degree of superheating, and the experiments, al- 
though in progress, are not yet in a condition suitable for 
publication. A resume of the results already obtained 
will, however, be found embodied in Lecture VIII 
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tracted from our joint paper in course of publication by 
the Boyal Society. 

Amongst other constructions of a useful and practical 
character^ I have introduced a description of the tubular 
cranes^ so admirably adapted for lifting heavy goods^ and 
swinging them round over a circle of large radius. 

In this statement it now only remains for me to express 
my acknowledgments to the Councils of the Koyal 
Society and the British Association for the Advancement 
of Science, for the readiness with which they granted 
permission to republish some of my papers in the present 
volume. Also to my friend Mr. T. Tate, who is ever 
willing to assist me with his superior mathematical attain- 
ments. I am indebted to my assistant and secretary, Mr. 
W. C. Unwin, for the care he has bestowed on reading 
the proofs and preparing the illustrations. And in con- 
clusion, I may express the wish that the present volume 
may be found as useful and acceptable to a numerous body 
of readers as I believe its predecessor has already proved 
itself. 
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PART I. 



EXPERIMENTAL RESEARCHES. 



I. RESEAHCHES ON THE RESISTANCE OF CYLINDRICAL 
VESSELS OP WROUGHT IRON TO COLLAPSE. 

(Reprinted from the Transactions of the Rojal Society, 1858.) 

The following experiments were undertaken at the joint 
request of the Royal Society and the British Association 
for the Advancement of Science. Their object is to de- 
termine the laws which govern the strength of cylindrical 
vessels exposed to a uniform external force^ and their 
immediate practical application in proportioning more ac- 
curately the flues of boilers for raising steam, which have 
hitherto been constructed on merely empirical data. 

It is well known that the immense extension of the 
application of steam power, and the consequent induce- 
ment to economise as far as possible the fuel necessary 
for its production, together with the growing tendency to 
employ the expansive principle, has caused a general in- 
crease of the working pressure from 10 lbs. to 50 lbs., and 
even in some cases to 150 lbs. on the square inch. Unfor- 
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TUBES TO COLLAPSE. 3 

irce than others of a similar construction 25 feet long. 

uliis anomalous result led to further inquiry^ which l)eing 

ar from satisfactory, the present series of experiments 

^ere instituted, with, it is believed, very conclusive 

:3*e8ult8. 

In order to have every facility for conducting these 
experiments, application was made to the Directors of 
~^e North-Eastem Division of the London and Norths 
Western Bailway, for permission to conduct them under 
^ilieir large octagonal engine-house at Longsight, near 
IManchester, where the necessary pumps and cranes were 
mt hand. To this request the Directors gave their cordial 
mssent, and in this position I had the benefit of the sug- 
gestions and experience of Mr. J. Ramsbottom, the 
Company's engineer, and also the constant attendance of 
Mr. R B. Longridge, the engineer, and chief inspector to 
the Association for the Prevention of Boiler Explosions. 
To both those gentlemen I tender my best acknowledg- 
ments for the able and efficient assistance I have received 
from them during the whole time occupied in conducting 
the experiments. 

To attain the objects of the experiments in a satisfactory 
manner, it was necessary that the apparatus should be of 
great strength and of dimensions capable of receiving 
tubes of considerable length and diameter. For this pur- 
pose a cast-iron cylinder was prepared, 8 feet in length, 
28 inches in diameter, and 2 inches thick of metal, for the 
reception of the tubes to be experimented upon. This 
cylinder, C, Plate I., was placed upon some balks 
of timber, in one of the locomotive pits, immediately 
under the shear legs A, A, for the convenience of lifting 
and replacing the heavy cover of the cylinder, which had 
to be removed at the close of each experiment. A small 
pipe, a, tty connected the force-pump, B, with the interior 
of the cylinder ; and another, by ft, communicated with 

B 2 



TUBES TO COLLAPSS. 5 

Fig. 1 is a section of the large cylinder. The top and 
bottom covers^ f and g^ were made of strength proiK>r- 
tionate to that of the cylinder, to which they were secured 
by 1-inch bolts placed 3 inches apart In the bottom 
cover, g^ a hole was drilled, to receive the rod and screw- 
nut A, which supported the tube D to be experimented 
upon; and through the top passed a 2^-inch pipe, m, in- 
serted in the cast-iron end of the tube D. On the end of 
this pipe was a large nut, which screwed down upon an 
indian-rubber washer on the cover of the cylinder, so as 
to close the opening round the pipe and make it water- 
tight. The object of this pipe was to allow the air from 
the interior of the tube D to escape during the collapse, 
and so to place it, as nearly as possible, under the same 
circumstances as the flue of a boiler. 

The whole of the experiments were effected by means 
of the hydraulic pump, by which water was forced through 
the pipe a a into the cylinder C ; thus driving the air in a 
highly compressed state to the upper part of the cylinder, 
whence, when a very high pressure was required, it was 
deemed advisable to let it escape by the cock «, and to 
eflTect rupture through the medium of water only. In 
both these cases a perfectly uniform pressure was ensured 
upon every part of the tube to be collapsed. 

These preparations having been made, and the pressure- 
gauges carefully adjusted, the experiments proceeded as 
shown in the following Tables. 

The first experiment was upon a tube 4 inches in dia« 
meter, and 1 foot 7 inches long between the cast-iron ends, 
to which it was riveted securely and brazed. It was com- 
posed, as in the other experiments, of a single thin plate, 
bent to the required form upon a mandril, and riveted, 
and also brazed to prevent leakage into the interior. This 
tube having been fixed to the cylinder covers in the 
manner described above, the pump was applied and a 

B 3 



I 



TUBES TO COLLAPSE. 7 

to direct experiment^ and the Laws of ResUtance as far 
as possible ascertained^ and the necessary formula deduced 
for the future guidance of the practical mechanic and 
engineer. These objects have, it is believed^ been 
attained hj the results developed in the experiments 
enumerated in the following Tables, 

EXPERIMENTS. 

Resistance of Tubes to Collapse. 

In these experiments the tubes were composed of 
plates of uniform thickness^ and of the form and size 
shown by the figures in the column of remarks. The 
form after collapse is also indicated by the woodcuts. 

On consulting Table L^ it appears that tubes of the 
same diameter and the same thickness of plates vary 
^in strength when of different lengths. The tubes of 
19 inches and those of 40 inches differ widely in their 
powers of resistance. Comparing the results of Experi- 
ments 1 and 2 with those of Experiments 3 and 4^ we find 
that the latter, while of twice the length, bear less than 
half the pressure. Comparing these with Experiment 5, 
we find that tube E, 5 feet long or three times as long as 
A and B, exhibits only about one-third of their mean 
strength. Similarly, E, which is f the length of D, bears 
only about f the pressure. 

Tube F, Experiment 6, may be considered as composed 
of three distinct tubes, each 1 foot 7 inches long. It was 
made with two perfectly rigid rings, soldered to the out- 
side of the tube to keep it in form and prevent, collapse at 
those points. The result of this alteration was to increase 
the strength of the tube threefold, as is evident on com- 
paring it with tube E. 

Table II. gives indications of the same law of re- 
sistance as the last. It will be observed that the tubes 

B 4 
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The tube Sj when compared with the 6-inch tubes only 
one-half the lengthy required a pressure of less than one- 
fourth to cause collapse. This apparently low pressure, 
though at first sight anomalous, is confirmed by the re- 
sult of Experiment 19. Similarly, comparing tubes C and 
D, Table I., with tubes O and P, Table IIL, we have. 

Length. Duuneter. Preatiure. 
. « o<7 . • 4 • . 00 
. . 39 . . 8 • . 31-5; 



CandD 
OandP 



Fig. 2. 



that is, whilst the diameters are to one another as 1 : 2, 
the pressures of collapse are as 65 : 31'5, or as 2 : 1 very 
nearly. These comparisons, which might be continued, 
evidently point to a law afiecting the diameters similar to 
that of the lengths. 

In order to ascertain the difierent powers of resistance 
of tubes composed of thick plates and of different dia- 
meters, a strong tube only 9 inches in diameter, and 
formed of a plate ^inch thick, was constructed, to match 
and compare with another tube, also of ^-inch plate, and 
18f -inches in diameter. The 9-inch tube was, however, 
found to be too strong for the retain- 
ing powers of the cylinder, which it 
would not have been safe to have 
trusted above 500 lbs. per square inch. 
Finding the strength of the small tube 
too great for the containiug vessel, two 

new tubes were made, one with a lap- 
joint as at A in the annexed sketch, 

and another with a butt-joint as at B. 

These tubes were made of plates ^th of 

an inch thick, the object of the differ- 
ence being two-fold i-^rsty to ascertain 

to what extent the strength of the tube 

was reduced by the lap-joint ; and 

secondly, to compare with the tube 18f inches in diameter, 
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cylinder covers ; they were simply placed in the cylinder, 
und water pumped in, in the usual manner^ until they 
collapsed as given in Table VII. : — 

In the above experiments the tubes do not appear to 
follow precisely the law of " inversely as the lengtL" 
Had they done so, the tube BB should not have yielded 
with a less pressure than 44 lbs. on the square inch. It 
is, however, impossible to manufacture these tubes truly 
cylindrical, and hence it follows that slight variations 
may very materially affect the ultimate strength of the 
tube. 

From three experiments on 4-inch tubes, we derive 
data more in accordance with the law, as will be seen 
in Table VIII. 

In the above experiments> the second on tube DD is 
lost, in consequence of the ends being fractured and the 
water obtaining admission, so as to cause a counteracting 
pressure in the interior. Experiment 29 agrees closely 
with the law when compared with 27, its strength being 
correctly double that of the latter. The 15-inch, al- 
though not four times the strength of the 60-inch, exhibits 
high resisting powers. It is probably difficult to recon- 
cile these discrepancies ; but we have in these experi- 
ments sufficient data to show that these tubes also follow, 
in their resistance to collapse, some function of the 
length ; and it is important to observe, that we cannot in 
practice introduce long tubes into constructions exposed 
to external pressure, without making very considerable 
allowance for their loss of strength. 

In the earlier experiments the tubes were made of thin 
wrought-iron plates ; but conceiving that it would be of 
interest to examine how far the laws, which were found 
to prevail with them, applied also to tubes of other 
materials^ three tubes were made of the following dimen- 
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GG. Iron flue, 15 inches in diameter : — 




Plates *125 inch thick. 
Web (a a) -25 inch thick. 
Biyets i inch, at 1^ inch apart 

HH. Steel flue, diameters 15-^ and 15^ inches : — 



jy: ^ , ji^ *., 




Plates *125 inch thick. 
Web (ft 6) -25 inch thick. 
Riyets \ inch, at 1;^ inch apart. 

Iron flue, with overlap joints; diameters 14^ and 

14J^ inches : — 



e 
e 



e 
c 
o 

J 



»Q»»o»g««oc<»ca0 



U- 






Plates *125 inch thick. 
Ends '25 inch thick. 
Length 5 feet. 
Biirets \ inch, at 1^ inch apart. 
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Table IX. Ruiilance of Sitd and Inn Fltut. 



The experimeotB on these tabes do cot at first si^t 
appear to yield very satisfactory results. The firet, GrG, 
gave way with a pressure of 150 lbs. on the square inch, 
when it began to leak so much as to cause its remoTol 
from the vessel, to replace some of the rivets which were 
imperfect. After the necessary repairs, it was agtun sub- 
jected to experiment, when it gave way with a force of 
146 lbs,, showing how much it had been injured by tiie 
previous pressure. On comparing it with the meui re- 
sults of all the other experiments, we find that it should 
have borne about 300 lbs. : it evidently failed at the 
rivets, and cannot be relied upon. 

The next experimented upon was a steel tube, of the 
same form and with similar rigid divisions to those of the 
iron one. This sustained 220 lbs. on the square iniA, 
when it bulged in or collapsed in the middle division. 

The last was a plain tube of similar plates of iron, 14| 
inches in diameter, but without ribs. This collapsed with 
a pressure of 125 lbs. on the square inch ; and this 
agrees nearly with the preceding experiments, as will \* 
seen. 

Comparing Experiments 33 and 33, it would appes 
fliat the steel tube is not stronger than the iron ; but we 
-«tt not warranted in drawing general conclusions from • 
*1« flxperiment. 
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The next experiments were of a different character, 
upon tubes of an elliptical Sornu Table X. gives the 
results. 

The two experiments on cylindrical tubes are ap- 
pended for comparison. 

On comparing the elliptical tube Bft with the cylin- 
drical tube X^ which are of the same length and thick- 
ness of plates^ and only about half a square inch different 
in sectional area^ we have for the collapsing pressure of 
the former 127'5 lbs., and for that of the latter 420 lbs., 
where it will be observed there is a loss of about ^ths of 
the strength, in consequence solely of the flattening of 
the tube Bby or in other words, a cylindrical tube will 
support nearly three times the pressure which would 
collapse an elliptical tube of the same weight when 
proportioned like tube Bi. A similar deficiency is 
observable in tube Aa, when compared with tube T. 
The change of form, from the cylinder to the ellipse, 
where the diameter was reduced to 1^ inch in one direc- 
tion and extended as much in another, reduced the bearing 
powers one-half. The comparative results obtained from 
the experiments on the thick tube are different from those 
on the thin one, the loss being much greater in the former 
than in the latter case, although the ratio of the diameters 
is about the same. Allowance must, however, be made 
for inaccuracies of construction, though we might reason- 
ably have expected a nearer approximation in the ratios 
of the deficiency of strength. From these facts, how- 
ever, it is obvious that in every construction, where tubes 
have to sustain a uniform external pressure, the cylindrical 
is the only form to be relied upon, and any departure 
from it is attended with danger. 
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Resistance of Tubes to Internal Pressure. 

During the inyestigation on the comparative resisting 
powers of tubes to collapse^ a question arose as to the 
relative powers of cylindrical tubes to resist an internal 
force acting uniformly over their surface. It has already 
been demonstrated that the resistance of cylindrical 
vessels to internal pressure varies inversely as the dia- 
meters, but what effect the length may have upon the 
strength has yet to be determined. We have already 
seen that a cylindrical tube, when subjected to external 
pressure, loses one-half its strength when the length is 
doubled, and so on in other cases ; hence arose the in- 
quiry, what effect, if any, will an increase of length have 
upon a tube exposed to internal pressure ? To solve this 
problem, three tubes of precisely the same diameter and 
thickness of plates, but of different lengths, were pre- 
pared and submitted to experiment as seen in Table XL 
Considerable discrepancies occur in the experiments on 
internal pressure, as in each case the tube gave way at 
the riveted joint. Every precaution was taken, by care- 
fully brazing them, to render them as nearly uniform in 
strength as possible. The weakness of these joints waSi 
however, very apparent, and the results are in accordance 
with those arrived at several years previously, when it 
was found that the strengths of riveted plates were as the 
numbers — 

100, for the solid plate ; 

70, for the double-riveted joint ; 

56, for the single-riveted joint. 

This constant failure at the joints renders the experi- 
ments on internal pressure very unsatisfactory, as th^f 
4o not exhibit the ultimate strength of the plate, but onlf 

4 ttrangth of the joint ; and as boilers invariably present 
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joints^ these facts are probably of some significance when 
applied to them. On a careful examination of the 
fractures^ that of the tube ¥f appeared the most perfect. 
Etf was not so well soldered, and burst by tearing off the 
rivet-heads, and Drf was torn partly through the plates 
and partly through the rivets; the plate of which this 
tube was composed was, however, exceedingly brittle, and 
broke like cast-iron. Tube Gff was ruptured in the same 
way and in the same direction as the others ; the rivets 
were torn through the plates, and the soldering (not very 
sound) was ripped up for 10 inches along the joint : this 
tube, as also the others, would have borne a greater pres- 
sure had the joints been more perfect and of sounder 
workmanship. 

Comparing the tube Cc, 1 foot long, with the tube F/*, 
4 feet long, and assuming the joints to be equally perfect 
in each, it would appear that there is a slight loss of 
strength when the length is increased; and this again 
suggests the question, do the rigid ends in short tubes 
increase the strength of the unsupported portion in pro- 
portion to the length of the tube ? For example, let us 
take two tubes of any given diameter, the one 10 feet and 
the other 20 feet long ; it would appear, prima facie, that 



it was much easier to force the long tube into the form of 
a barrel^ as at a, than it would be to produce the same 
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form in the shorter tube^ as at 6 ; in an elastic material, 
such as an indian-rubber tube, the extension would cer- 
tainly take place at the centre, where the particles possess 
diminished resistance, arising from their respective distances 
from the ends or points of support 

To ascertain how far this view is correct, two leaden 
pipes were prepared of 3 inches diameter, and of the 
lengths of I foot 2^ inches, and 2 feet 7 inches respec- 
tively, and these were submitted to the experimental 
tests in Table XII,, : — 

The tube HA ruptured at the thin part of the metal, the 
water bursting through a narrow slit ; J; ruptured simi- 
larly ; and on measuring the expanded circumferences at 
the broadest part, it was found that the metal of the 
former had elongated 1^ inch, and that of the latter 1^ 
inch. 

These experiments seem to show pretty conclusively, 
that the length has very slight influence on the resisting 
powers of tubes of wrtmght iron to internal pressure. 
Beyond the limit of one or two feet in length, it appears 
to affect the strength so slightly, that it may be almost 
entirely disregarded in practice. 

GENERALISATION OF THE RESULTS OP THE EXPERI- 
MENTS. 

In the reduction of the experiments, I have, as on 
former occasions, been ably assisted by my friend Mr. 
Tate, whose sound philosophical views and high mathe- 
matical attainments are, from his numerous publications, 
so well known to the public. To that gentleman I am 
indebted for many services, and among others for an ela- 
borate inquiry into the specific gravity and properties of 
steam, which I hope will be shortly forthcoming as a new 
addition to our knowledge, and that more particularly in 
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part, whilst the portions towards the extremities being 
supported by the inflexible end plates, retain, or nearly 
retain, their original form ; so that, in fact, the material 
yirtually resisting compression is the comparatively small 
portion at and near the middle, and which, to a certain 
extent, is independent of the length of the tube, whilst 
the pressure producing the compression is always ap- 
proximately proportional to the longitudinal section. Now 
let us assume for these tubes, — 

P = the external pressure of the fluid in lbs. to produce 
rupture or collapse ; 

P = this pressure per square inch ; 

B = the resistance of the material to compression or to 
crumpling; 

L =r the length of the tube in feet ; 

D = the diameter of the tube in inches ; 

k = the thickness of the plates in inches ; 

p = the pressure F reduced to unity of length and dia- 
meter, or =: PLD ; 

C, a, constants to be determined from the data supplied 
by the experiments. 

Since P', the total pressure on the tube, varies directly 
as the longitudinal section, that is, as the product of the 
length by the diameter, we have 

F = C^P.L.D. 

Now it has been determined by experiment, that the 
resistance of thin iron plates to a force tending to crush 
them, or rather to a force tending to crumple them, varies 
directly as a certain power of their thickness, the number 
indicating the power lying between 2 and 3 ; hence we 
assume. 
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but when rupture takes place, V=Ti, and 

C:.P.L.D=C".A-, 

••• p=S (^) 

For tubes of the same thickness, we readily derive from 
this equality, 

P.L.D.=P^.L^.D,; .... (3) 

that is, the continued product of the pressure, the length 
and the diameter is constant ; or in other words, for tubes 
haying the same thickness, the pressures of collapse reduced 
to unity of length and diameter (p) are equal to one 
another. 

To determine the values of the constants a and C in 
(2), we have 

p,L^r %'' 

But in order to embrace a range of experiments by 
taking the mean of their results, we have, putting p for 
the value of P, when the tube is reduced to unity of 
length and to unity of diameter. 



• • "^ logA-logA/ • • • W 
and similarly^ we find 

«-!=• w 

A glanoe at the resnlts of the experiments recorded in 

M I. .11. IIL IV. v., where t:9 thickness of the 

ipodng the tubes is the same, is sufficient to 

haA the etrengih of the tubes varies nearly 
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inveniely as their lengths ; 2ii(lly^ that the strength uL^-o 
varies nearly inversely as the diameters. The following 
reduction of these experiments will not only render these 
laws apparent^ but will also show that in tubes of the 
same thickness the strength varies inversely as the pro- 
duct of their lengths by their diameters, or what amounts 
to the same thing, that PLD ( =/>) is nearly a constant 
quantity. 

Seduction of the Results of the Experiments on the Col^ 
lapse of Sheet'iron Tubes '043 inch thick , to unity of 
length and diameter* 

Experiments 1, 2 and 6, were performed on tubes of 
the same length and diameter, and aUo Experiments 
7, 10 and 11] hence we have for the mean values of P, — • 

Mean value of P from Experiments, 1, 2 and 6 

170 + 137 + 140 ,,^ 
= « = 149. 



Mean value of P from Experiments 7, 10 and 1 1 

48 + 52 + 65 



3 



^55. 



4-inch Tubes. 



No of 
Experiment. 



1,2,6 

3 

4 

5 
27 
29 



D. 

Diameter in 
Inches. 



4 

4 

4 
4 
4 
4 



L. 

LenRtli in 

Feet. 



1^ 
3^ 

5 
5 
24 



P. 

Pressure 

of Collapse 

in lbs. 



149 
65 
65 
43 

47 
93 



^lean value of o 
D 



P.L. 

Prexsure 

reduced 

to Unity 

OfL. 


P. D. 

Pressure 

reduced 

to Unity 

OfD. 


232-5 


596 


216*6 


260 


205 8 


260 


215-8 


172 


2350 


188 


232-5 


372 



Pressure 

reduced to 

Unity of 

LandD. 



930-0 
866*4 
823-2 
8600 
940*0 
930-0 



6) 5349 6 
89;-6 
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The approximation of the numbers to one another in 
columns 5 and 7 shows how very nearly the strength 
varies inversely as the lengths. This observation applies 
with equal exactness to all the reductions which follow. 



6'ifich Tubes. 



No. of 
Experiment. 


D. 


L. 


p. 


P. L. 


P. D. 


P- 


7, 10, 11 
9 


6 
6 


4 


65 
32 


137-5 
157-3 


330 
192 


825 
944 



Mean value of p 
S'inch Tubes, 



2) 1769 

884-5 



No. of 
Experiment. 


D. 


L. 


P. 


P.L. 


P. D. 


p. 


13 
14 
15 


8 
8 
8 


i 


39 
32 
31 


97-5 
104 
103-3 


312 
256 
248 


7800 
8320 
826*4 



Mean value of p 
lO-inch Tubes. 



3) 2438-4 
812-8 



No. of 
Experiment. 


D» 


L. 


P. 


P.L. 


P. D. 


p. 


16 
17 


10 
10 


H 


19 
36 


79-1 
900 


190 
360 


791 
900 



Mean value ofp 



2) 1691 
845-5 



A comparison of the numbers in the sixth columns of 

tbe abore Tables with ihe numbers given by the experi- 

« tabes of the same lengthy clearly shows that the 

"nries very nearly in the inverse ratio of the 

noreover^ since the mean values ofp for the 

Kei nearly coincide with one another. 
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we infer that the strength yarics invcrdely as the product 
of the length by the diameter^ or that p = FLD = a constant. 







12-iiicA TuhtM. 






No. of 
Experiment. 


D. 


L. 


p. 


P. L. 


P. D. p. 


18 
19 
20 


12-2 

12 

12 


4tt 
5 


no 

12-5 
22-0 


53-6 
62-5 
550 


123-2 654 
150-0 750 
2640 660 

1 








Mean yalue of /i 


3) S064 
688 



Here the mean value of p is somewhat below the value 
determined from the other tubes. This discrepancy is no 
doubt owing to the difficulty there is in maintaining such 
thin tubes of large diameter exactly in the cylindrical 
form. This circumstance seems to suggest that a small 
correction^ depending on the ratio of the diameter of the 
tube to its thickness^ may be requisite to render formula 
(2.) mathematically exact. This correction will assume 

the form of — E x ^, where the constant E remains to be 

k 

determined from the data of the experiments. 

Mean value of'p derived from the foregoing results, 
jo=^{891-6 + 884-5-f 812-8 + 845-5 -f 688} = 824. 

Reduction of the Results of Experiments 22^ 24, 33 on 
the Collapse of SJieet^iron tubes to unity of length and 
diameteTm 



No. of 
Experiment. 



22 
24 
33 



D. 


L. 


k 
Thickness. 


P. 


P- 


18J 


^ 


•25 


420 


40,030 


9 


3S 


•14 


378 


10,495 


1*1 


5 


•125 


125 


9,140 
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greater probably than 10 feet. For greater lengths the 
formula gives the collapaing pressure somewhat too low, 
although the experimeDts on flues 30 feet long, to be 
adverted to hereafter, show that up to that point the 
variations from the theoretical collapaing pressure does 
not exceed one-fourth. 

In order to facilitate calculation, formula (6) may be 
written, 

logP= 1-5265+ 2-19 1<^ 100*-lc^ (LD); 
and when %=-04!), by an obvious transfurmation, we have 
820 

The following Table will show how nearly formula (6) 
represents the results of the experiments on the different 
classes of tubes. 



!Ilio?'tra 



P=T 



,xSS., 


lit^- 


«■ 


TbieliDnt. 


By Riprri 


9 


4 


'A 


1 -043 


137 


9 




5 


■043 




7,10.11 




H 


•043 


6S 


14 


8 


4 


■043 


32 


16 


10 


4 


■U43 


19 


19 


la 


5 


i -043 


IS'S 


23 


isi 


s 






36 


e 


•140 


378 


33 


i.| 


6 


1 -las 


IBS 



So far as regards practical purposes, this formula ap- 
pears to possess every desirable preciaon. As already 
anticipated, the results derived from the thin 12-inch 
tubes present the greatest deviation. The value of P, 
derived from the following formula, gives a still closer 
approximation to the results of the experiments, viz. — 

P=806,3O0x-f^*— 092X ?. 
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elliptical tube with the result of the experiments on the 
cylindrical tubes^ we find that the general formula (G) 
will apply approximately to elliptical tubes, by sub* 
stituting for D in that formula the diameter of the circle 
of curvature touching the extremity of the minor axis. 

Thus we have. 

2a' 2 X 7' 

Diameter of the circle of curvature = . = . =20 

b Q 

nearly. 

Now the pressure on this elliptical tube was G'5 lb;*., 
which reduced to unity of length and diameter, gives 
650 lbs., which result nearly agrees with 688 lbs., the 
mean pressure of the 12-inch tubes also reduced to unity 
of length and diameter. 

Although this deduction is based on merely one expe- 
rimental result, yet it appears to be confirmed by the 
following proposition derived from mathematical analysis. 

The pressure P per square inch, requisite to flatten 
equal angular portions of a tube of variable curvature, 
varies inversely as the diameters of curvature. 

Hence it will be observed how very much the strength 
of a tube subjected to external pressure is deteriorated 
by a deviation from the cylindrical form. 

Strength of Cylindrical Tubes subjected to Internal 

Pressure. 

Taking the mean of the results of Experiments 36 
and 39 on iron tubes, we have from formula 

425 X 6 

Hence we find 

^ 60,000A , . 

^- D ' ^^ 

which ^ves the formula of strength of thin sheet-iron 
tubes subjected to internal pressure. 

D 4 
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Practical Application to Construction of the nesulfs of the 

Experiments. 

Throughout the whole of the experiments enumerated 
in the preceding pages, it has been proved that the resist- 
ance to collapse from a uniform external pressure, in 
cylindrical tubes, varies in the inverse ratio of the lengths. 
This law has been tested to lengths not excelling fifteen 
diameters of the tube ; but the point at which it ceases 
to hold true is as yet undetermined, and could only be 
ascertained by a new and laborious scries of experiments 
on tubes of considerably greater length, in which the 
strencrth of the material modifies the above law of resist- 
ance to collapse. Such experiments are, doubtless, very 
desirable ; but the vessels necessary for the purpose would 
be most expensive, and the results already obtained ap- 
pear to supply all the data necessary for calculating the 
strengths and proportioning the material in all ordinary 
cases. 

If we take a boiler of the ordinary construction, 30 
feet long and 7 feet in diameter, with one or more flues 3 
feet or 3 feet 6 inches in diameter, we find that the cylin- 
drical external shell is from three to four times stronger 
in its powers of resistance to the force tending to burst 
it, than the flues are to resist the same force tending to 
collapse them. This being the case in boilers of ordinary 
construction, it is not surprising that so many fatal acci- 
dents should have occurred from the collapse of the 
internal flues, followed inunediately by the explosion and 
rupture of the outer shell. To remedy these evils, and to 
place the security of vessels so important to the commu- 
nity upon a more certain basis, it is essential that every 
part should be of uniform strength to resist the forces 
brought to bear upon it. The equalisation of the powers 
of resistance is the more important, as the ii 
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thrown away, adding nothing to the strength whilst the 
fluea remain in bo dangerously weak u condition. 

To meet this disparity of strcngtli, the cx[>crimGntd 
indicate the necessity of shorter flues, and one of them 
ehows how this may be obtained, practically and efficiently, 
without interfering with the present construction of boilcra. 
In Experiment 6, Table I., the tube F was divided into 
three parts by two rigid rings soldered upon ita exterior, 
and its powers of resistance were thus increased in the 
ratio of three to one ; virtually, the Icngtli was reduced in 
this ratio, and the atrengtli was actually increased from 
43 to 140 lbs. per square inch. 

It ia proposed to apply a similar construction to the flues 
of boilers, to equalise their powers of resistance with those 
of the outer shell, on the supposition that the law of de- 
crease of strength holds true, within no great limits of 
error, for tubes of much greater length than in the pre- 
ceding experiments. That this conclusion is not empirical, 
will be seen by the following experiments upon boilers of 
fiill size, where it will be observed that the flues were 
distorted with one-third the pressure required to rupture 
the external shell. 

These boilers were made for the North-Eastern Divi- 

^n of the London and North-Western Bfulway Company, 

Fig. a. 



nd were respectively of 35 and 25 feet in length. They 
'ere 7 feet in diameter, and composed of plates -^ths of an 
ich thick. Each boiler had two cylindrical flues 3 feet 
inches in diameter, and of the same thickness of 



o 
o 



o 
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Society — introduced the experiments in full and in such 
a form as will give to the general reader a distinct idea 
of the principles necessary to be observed in constructions 
>vhich involve considerations of such vast importance to 
the practical engineer, in addition to the increased security 
of life and property. 

The experiments on wrought iron, therefore, indicated a 
means of increasing the strength of boiler flues and otiier 
vessels of that material, subjected to a collapsing force, to 
any required amount ; and this was the immediate practical 
application of the general law then discovered, that the 
strength of cylindrical vessels exposed to a uniform ex- 
ternal force varied inversely as the length between the 
rigid ends. 

The results deduced from the experiments on tubes 
composed of riveted plates were so important as to sug- 
gest further inquiry, under the same conditions of rupture, 
but with other materials, differing in their physical pro- 
perties from wrought iron. The joints in the tubes em- 
ployed in those experiments were defects, the influence of 
which might be determined by experiments upon homoge- 
neous vessels. The ductile yielding character of wrought 
iron suggested the extension of the experiments to hard 
rigid materials, more capable of retaining their form under 
pressure. 

To fulfil the conditions thus sought for, glass was se- 
lected for experiment, as a material differing totally in 
character from wrought iron, and on that account well 
fitted to supply data for extending our knowledge of 
the laws of collapse. Of vitreous structure, rigid, elastic, 
and brittle, and of low tenacity, it possessed the further ad- 
vantage of being easily obtained and blown into homoge- 
leous vessels of the required forms. But there were other 
*easons which had weight in making this selection. Our 
icquaintance with the strength of glass, in the various 
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Sand . ... 54 per cent 
Bed oxide of lead . . 22 per cent. 
Carbonate of potash • 24 per cent. 

This glass is of a fine transparent character, fusible, and of 
a high specific gravity^ due to the large per centagc of lead 
in its composition. 

The green and crown-glass were obtained from Messrs. 
Chance Brothers^ of Birmingham, and were made of sand, 
soda^ and lime, in the following proportions: — 

Common Green Glass. 

Sand 100 parts. 

Sulphate of soda . . .42 parts. 
Carbonate of lime ... 45 parts. 

This is a hard infusible glass of a green colour, trans- 
parent, but of a less density than the flint-glass. 

White Crown-glass. 

Sand 100 parts. 

Carbonate of soda • • • 38 parts. 
Lime • • • • .11 parts. 

A clear transparent glass, hard under the action of the 
grindstone, and highly infusible. 

The specific gravity of these different kinds of glass 
varies greatly ; the following Table gives the result of 
several determinations : — 

Specific Gravity of Glass. 

Mean. 

Best flint-glass . . 3-0787 1 3.0732 
Best flint-glass . . 3-0777 J 

Common green glass . 2*5279 1 2*5284 
Common green glass • 2*5289 J 

White crown-glass . 2 44981 2-4504 
White crown-glass . 2 -45 1 J 

E 
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EXFEBIMENT L 

Annealed Flint- fflcus. 

Least diameter . • 0*57 in. 

Least area . • . 0-255 sq. in. 
Breaking weighty 583 lbs. = 2286 lbs. per square inch. 

The fracture took place at a, fig. 4, and presented a 
regular smooth convex surface. No notch had been cut 
in this specimen. 

Experiment 2. 

Annealed Flint- ff lass. 

Least diameter . • 0*50 in. 
Least area . . .0*196 sq. in. 
Breaking weight, 499 lbs. = 2540 lbs. per square inch. 

Broke in the notch at b, fig. 4, which in this case was 
cut by the grindstone. It is possible that the exterior 
coat of glass may be stronger than its core, in which case 
the above specimen was weakened. In the next experi- 
ments the specimens were drawn thinner by heat. 

Experiment 3« 

Common Green Glass. 

Least diameter • . 0*53 in. 
Least area • • . 0*220 sq. in. 
Breaking weight, 639 lbs. = 2896 lbs. per square inch. 

Experiment 4. 
White Crown-glass. 

Least diameter • , 0*54 in. 
Least area • . • 0*229 sq. in. 
Breaking weight, 583 lbs. = 2545 lbs. per squaw 

Broke at shoulder a, fig. 1. 

s 2 
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SECTION II. 

BESISTAHCE OF GLASS TO CBUSniNO. 

Tbe next series of experimeats was inBtitute<l wHh a 
view of determining tbe powers of resiatance of glass to a 
direct crushing force. The specimens subjected to experi- 
ment were small cylinders (Gg. 5) varying in length from 



Fig. a 



1 to 2 inches, and about three-quarters of aa inch in dia- 
meter. They were placed for tbe purpose of crushing 
within the box a (fig. 6), thiu packings of soft lead being 
interposed between the glass and tbe parallel crushing 
surfaces of the box and its solid steel piston b ; in this 
way a firm and uniform bearing aurlkce was secured, and 
the crushing force was applied perpendicularly in the 
direction of the axis of the specimen. Fig. 6 exhibits the 
general arrangement of the crushing apparatus, consisting 
of ft lever A, 8 feet long, supported ou a strong east-iron 
base B, B. The crushing force obtained by placing 
weights in the scale-pan hung at the extremity of tbe 
lever is transmitted through the piston 6, to the specimen 
to be crushed, e. 
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Flint^glcuM Cylinders. 

EXPEBIHENT 1. 

Diameter • • • 0*85 inch. 
Area • • • 0*5674 square incL 
Height • • .1*0 inch. 
Placed between india-rubber packings. 

This specimen having been slightly fractured at ai 
early stage in the experiment, it was taken out and th 
fractured side ground flat preparatory to another trial 

Experiment 2. 
The same specimen as in Experiment 1. 

Fig. 7. 

Diameter • • . 0*85 inch. 
Height of segment (ab) . 0*73 inch. ^ ^ 



Area 

Height of specimen. 

Weights Total 

added) weightt 

in libs. in lbs. 

1321 1321 

2080 3401 

896 4297 

896 5193 

896 6089 

896 6985 

896 7881 

448 8329 

448 8777 

448 9225 Fractured 

224 9449 

224 9673 

224 9897 

224 10121 

224 10345 



0*555 inch. 
1*0 inch. 




Weights 
ad£d, 
inlbe. 

224 

224 

224 

224 

224 

224 

224 

224 

224 

224 

112 

112 

112 

112 



Piactured with 9,225 lbs. ^ 
Crushed with 13,033 lbs. = 



16,621 lbs. 
23,483 lbs. 

4 



Total 
weight, 
in lbs. 

10569 
10793 
11017 
1124L 
11465 
11689 
11913 
12137 
12361 
12585 
12697 
12809 
12921 
13033 Crushed 

per square inch, 
per square inch. 
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Green Glass Cylinders. 

EXPEBIMENT 7. 

Diameter . . .0*77 inch. 

Area • • • 0*466 gquare inch* 

Height . • . 1*0 inch. 

Fractured with 6933 lbs. = 14^888 lbs. per square inch. 
Crushed with 10^516 lbs. = 22,583 lbs. per square inch. 

Experiment 8. 

Diameter . . .0*76 inch. 

Area • • . 0*454 square inch. 

Height . . . 1*5 inch. 

Fractured with 8126 lbs. = 17,883 lbs. per square inch. 
Crushed with 15,891 lbs. =35,029 lbs. per square inch. 

EXPEBIMENT 9. 

Diameter . . .0*79 inch. 

Area . . . 0*4901 square inch. 

Height . . .2*0 inches. 

mstained a weight of 18,634 lbs. = 38,015 lbs. per square 
3ch, without being crushed. At this point the deflection 
f the lever was so great, that it was considered dan- 
erous to proceed. On removing the specimen to a 
eavier lever, it crushed with a force of 12,000 lbs. The 
Tger weight, however, had been fairly supported. 

Crown-glass Cylinders. 

The two cylinders of crown-glass were slightly rounded 
wards the edge of the bearing surfaces, which reduced 
e area directly subjected to the crushing force. It is 
erefore probably most accurate to take the less area in 
ducing the results. 
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Diameter 

Area 
Height 



Experiment 10. 

{0*72 inch at middle. 
0-68 inch at ends. 

• 0*363 square inch. 

• 1*5 inch. 



Crushed suddenly with 14,100 lbs. = 38,825 lbs. per 

square inch. 

Experiment 11. 

-r.. .^^ f 0*80 inch at middle. 

Diameter. . • | o*76 inch at ends. 

Area • • • 0*454 square inch. 

Height . . . 1*0 inch. 

Crushed suddenly with 10,516 lbs. = 23,181 lbs. per 

square inch. 

Arranging the above results together, we obtain the 
following general Table of the results of the experi- 
ments : — 

Table II. — Summary of Results of Experiments on Hie 
Resistance of Annealed Glass Cylinders to Crushing, 



Deteription of OUm. 


Height of 

Cylinder in 

inches. 


Area of 
Cylinder, 
in inches. 


Weisht 

cauiing 

Fracture, 

inlbf. 


Cnuhing 
Weifhtin 


Weiffhtper 

Ml. in. to 

caoaeFrae- 

in Iba. 


Wdffat 
pertq. la. 
toCnMh. 
inlbi. 


FUnt-glats . . . .^ 


1-00 
100 
1-60 
8-05 


0555 
0-374 
541 
0-363 


9,885 
11,465 

• • 


13,033 
13.083 
11,841 
11,913 


16,681 
80,661 

• • 

• • 


88,481 

84,854 
80|77» 
88308 


Orwnglui . . .} 


1-00 
1-60 
2-0O 


0-466 
0-454 
0*490 


6,938 
8,186 

• 


III 


14,888 
17,883 

• • 


I8,018 


-«*- ...| 


1-0 
1-6 


0-454 
0-363 


• • 


10,516 
14,100 


• • 


tt,18l 
18,01 



'^ meaiu of the above values, and redadng 
iiflf we have : — 
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Table III. — Mean Compressive Resistance of Glass. 



Description of Glasi. 


Height of 
Cylinder 
in inchei. 


Cruihing Weight per \ Mean crushing Weight per 
square Inch, square inch. 


in lbs. 


In tons. In lbs. 


In tons. 


Flint-glass . •< 


1-0 
1-6 
2-0 


29,168 
20,775 
32,803 


13021 ' 1 
9-274 . S 27,582 
14-644 ] 


12-313 : 


Green glass . . \ 


1-0 
1-5 
2-0 


22,583 
35,029 
38,015 


10 081 1 
15-628 i 31,876 

16-971 ' 

1 


14-227 


Crown-glass . . j 


1-0 
1-5 


23,181 
38,825 


17-332 ! j3'»003 


13-840 



The mean resistance of glass to a crushing force is, 
therefore, from the above experiments, equivalent to 
13*460 tons per square inch. Assuming the above num- 
bers to represent the comparative values of each kind of 
glass, and taking flint-glass as the standard, we have their 
respective strengths as follow : — 



Green glass . 


. 1152 


Crown-glass • 


. 1124 


Flint-glass 


. 1000 



The specimens were crushed almost to powder from the 
violence of the concussion, when they gave way ; it how- 
ever appeared that the fractures occurred in vertical 
planes, splitting up the specimen in all directions. This 
characteristic mode of disintegration has been noticed 
before, especially with vitrified brick and indurated lime- 
itone. The experiments following on cubes of glass, whic^ 
¥ere exposed to view during the crushing process, il 
rated this subject further : cracks were noticed to i 
;ome time before the specimen finally gave way; 
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Experiment 13. 

Area = 0*99 x 0-98 inch = 09 702 square inch. 
Height = 1-16 inch. 
Crushed with 12,809 lbs. = 13,202 lbs. per square inch. 

Experiment 14. 

Area =0-98 x 1-02 inch = 0-9996 square inch. 
Height =1-10 inch. 
Crushed with 13,257 lbs. = 13,262 lbs. per square inch. 

Experiment 15. 

Area =0*98 inch x 0*98 in. = 0-9604 square inch. 

Height=MOinch. 
Fractured with 6537 lb8.= 6806 lbs. per square incli. 
Crushed with 11,353 lb8.= 11,820 lbs. per square inch. 

Green Glass Cubes, 
Experiment 16. 

Area = TO x 0*98 inch = 0*98 square inch. 
Height =1*0 inch. 
Crushed with 20,059 lbs. = 20,468 lbs. per square inch. 

Experiment 17. 

Area =0*99 x 1*2 inch= 1*188 square inch. 
Height = 1'0 inch. 
Crushed with 23,535 lbs. = 19,945 lbs. per square inch. 

Crown-glass Cube, 

Experiment 18. 

Area =0-82 x 0*92 inch =0-7534 square inch. 
Height =0-9 inch. 
Crushed with 16,475 lbs. =21,867 lbs. per square inch- 

This crushed suddenly after bearing the weight flC 
;ime, and was reduced almost to powder. 
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Table IV. — Summary of the Results of Experiments on 
the Resistance of Cut Glass Cubes to Compression. 



DeocrlpUon of GtoM. 


Area of Spe- 
cimen, in 
square inch. 


Cnithint 
Weigiitinlbs. 


RetitUnee to Cnuhlng per 
square inch. 


in lbs. 


in toot. 


Flint-glass . . •• 


0*9312 
0-9702 
0*9996 
0-9604 


13,257 
12,809 
13,257 
11,353 


14,235 
13,202 
13,262 
11,820 


6*355 
5*894 
5*921 
5*276 


Green glass . . .| 


0-9800 
1*1880 


20,059 
23,535 


20,468 
19,945 


9*116 
8*904 


Crown-glass . . . 0*7534 

1 


16,475 


21,867 


9*762 



Hence the mean resistance to crushing of cubes of glass 

18 equivalent to a weight of — 

lbs. 
For flint-glass • . 13,130 

For green glass . . 20,206 
For crown-glass • . 21,867 



Mean . . 18,401 

Comparing these with the preceding results on glass 
cylinders, we have the mean resistance of the former 
experiments to the mean resistance of the above as 
30,153: 18,401, or as 1-6:1. 

General Observations relative to the Results of the Experi- 
ments on the Resistance of Glass Cylinders and Cubes to 
Crushing. 

With iron and some other materials, when a short 
column undergoes a pressure in the direction of its length, 
rupture takes place in a plane having a determinate angle 
to the axis of the column, this plane being the section of 
^east resistanpe. Neglecting the friction of the surfaces, 
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Coulomb found this angle to be 45^, and allowing on an 
average 10° for the limiting angle of friction^ the angle of 
the plane of rupture may be taken at 5o^. To fulfil this 
condition^ the length of the column to be crushed should 
be at least three times its radius : when the length greatly 
exceeds this limits the rupture will be effected by the ten- 
dency of the column to bend; and when the length is 
within this limits the force requisite to ])roduce rupture 
will be increased in consequence of the irregular fbrin of 
the line of fracture. These theoretical deductions have 
been confirmed by experiments made upon columns of 
iron^ wood^ bone^ stone, and other materials. The 
results of the experiments here recorded, however, 
show that when the length of the cylinder docs not 
greatly di£Per from three times its radius, the resistance 
to a crushing force is pretty nearly a constant, viz. on an 
average 12*313 tons per square inch in the case of flint- 
glass, 14*227 tons in the case of green glass, and 13*84 
tons in the case of crown-glass. But, according to Cou- 
lomb's law, the cubes of flint-glass (their lengths being 
considerably less than three times their semi-diameters) 
should have presented higher powers of resistance than 
the cylinders ; this discrepancy is probably owing to the 
injury which the glass had sustained in the process of 
cutting, and to the imperfect annealing of glass when 
cast in the form of cubes and cylinders. 



SECTION ni. 



BESI STANCE OF GLASS GLOBES AND CYLINDERS TO 

INTERNAL PRESSURE. 

In the following experiments it has been sought D' 
>Dly to determine the law of resistance to internal pre 
)ure, whioh is already well known from theoretical co 
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tinned thie water would rise in the globe, compressing the 
lur in its interior, progressively, up to the point at which 
the resistance of the glass was overcome by the expansive 
force of the fluid ; at that point explosion would take place, 
the pressure in pounds per square inch being noted both 
by the eye of the observer and by the maximum finger oC 
the gauge. 

Fig. la 



-i :7 rzz xzt-ELLn-.Ai. ?i-:?zsn£s of glass, 

r^ z-Lis z'-Lji- zi-^fnT.T. ibe -zzz-et half of the sphere 
■. '.. : -iz- ': -i '—i =<:Tt ?ib£jt2tl, mi U approximately 
i^;t:z^ Li. ti-l.'£:i^^. "•i-^- ^:'»'tTer, thinnest at b, and 
tlliki^li^ ~fci^^"> i^T^Tiri* r-iTardi ihe stem, the 
l:TiT '::i: ^ y, : -x^z cc^jilerablv the strongest. 
H;--:-^ -.- 'z^\ T»;^fi. i^ *^T?ril ■:*=« in fact in every case 
■——'^■'--'-i-.<-^-. :::- i'-.-i ii:-rT=iiz:^ with certainty from 
-li ?.:-i£T: - ::' -Jl^ rripisr.:* . :hat the glohes ruptured 
~Tr. It :. tit ^=5 ::' rrart-re railating is every direction, 
T(Lr=i^r~: -:i ti: ;'::.; i^ e:^:^!!^^* of longitude, and split- 
tb^ h zz -j^l;^ -11=. rir-i?, vaiyiiLg froai ^Lth to fth inch 
i:: ^iiz. t. ti: mk :: i-;i:;e eloaguied ellipsoid^k, it ap- 
y^fir^i 'JUi: '.z.~ rrSf^r^t; rcc'^rrei horizontally, or perhaps 
i;:li;:i-;l_-. 7r:=i tit ^:- iidin of the fragments attached to 
the s:e=i. I- z::..~-. cases, however, it was not clear from 
the fra^sc-:* w'-:.'r. hal l-eea the direction of the frac- 
lure, aliiuzh i= ci.'ie of mpture was the same in every 
case. 

To asoenain the thickness, several specimens were se- 
lected from the ihin::est fragments, and each being mea- 
sured separately ty a micrometer screw of fifty threads to 
the inch and reading on a graduated head to g ^ ' ^ g th of aa 
inch, the minimum ihickness wa« assumed as that of the 
part which ruptured, and lus been employed in reduciog 
the results. 

It must also he observed that the globes were usually 

aU^tly elliptical, in some cases seriously so ; the vertical 

diameter, h d (unng the same form of expression as before) 

tal, a c. In the fol- 

given in each case :— 
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Flint-glcus. 

EXPEBIMENT 1. 

Globe a. Diameters 4*0 and 3*98 inched. 

In parts of an inch. 
rO-0230 
0-0256 
0-0284 
Thicknesses measured -{ 0*0244 

0*0302 
0*0250 
0*0240 



► Minimum = 0*024 



Bursting pressure =84 lbs. per square inch. 

EXPEBIMENT 2. 

Globe b. Diameters 4*0 and 3*98 inches. 

In parts of an inch. 
0*034 
0*032 
0*031 

0*0254 y Minimum =0*025 
0*0256 
031 
0*028 

Bursting pressure =93 lbs. per square inch. 



Thicknesses measured < 



Experiment 3. 
Globe c. Diameter 4*0 inches. 



In parts of an inch. 

"0-040 ^ 

0*0406 

Thicknesses measured < 039 

0-039 
0-038 



Minimum = O'OSS 



Bursting pressure= 150 lbs. per square incH* 

F2 
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HXFKKDDEST 4. 

Gbie d, Dtamelcn 4*5 and 4*55 inches. 



► Mnumoms: 0*056 inci 



rOK>620"J 
0H)694 
0-0594 
00626 

0H)614 
0060I 
00580 

Bimt with 280 lbs. per square inch. 

ExPEsntENT 5. 
GUf e. IKameters 5*1 and 5*12 inches. 






In puts of an inch. 
0-0580"! 
0-059 

Thicknesses measured^ 0-0634 ^Minimum =0*058 inch 

0-0620 
1^0-059 

Borst with 184 lbs. per square inch. 



EXPEBIMENT 6. 

Globe /• Diameter 6*0 inches. 

In parts oi an Inch. 
0*060 
0-066 
0-060 
0-059 
0*0592 
0*0592 

h 152.1b0. pw square inch. 



measaredn 



^ Minimum =0*059 incb 
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Experiment 7. 
Cylinder g. Diameter 4'Od inches. Length 7*0 inches* 

In parts of an inch. 

^0-07911 Fig- 11- 

I 0-081 
0-090 
0-086 



Minimum 
J^ =0-079 
inch. 



Thicknesses measured << 



>- Minimum =s 0*022 inch. 



Thicknesses measured -< 

0-086 
0-079 
0-086 

Burst with 282 lbs. per square inch. 

Green Glass. 

Experiment 8. 

Ghbe k. Diameters 4-95 and 5-0 inches. 

In parts of an inch. 

^0-029 1 
0-024 
0-026 
0-022 
0-025 
0-023 
0-024 
0-0225 
Bursting pressures 90 lbs. per square inch. 

Experiment 9. 

Ghbe L Diameters 4-95 and 5-0 inches. 
;^Ih parts of an inch. 

ro-024 

0-023 

0-022 

0-0196 

0-023 

0-022 

0-020 

0-020 

Burst with 85 lbs. per square inch. 

»8 




Thicknesses measured ^ 



»• Minimum =0-020 inch. 
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EXPERIMEKT 10. 

Globe m. Diameters 4*0 and 4*05 inches. 

In parts of an inch. 

0*020 ^ 

0*0205 

0*0202 

0*021 



Thicknesses measured < 



0*020 ^ Minimum = 0*018 inch. 



0-023 
0*0205 
0*0215 
0*020 

Bursting pressure =84 lbs. per square inch. 

EXPEBIMENT 11. 
Globe w. Diameters 4*0 and 4*03 inches. 

In parts of an inch. 
^0-016^ 
0*019 



Thicknesses measured •< 



> Minimum = *0 1 6 inch. 



0018 
0-017 
0-019 
0-016 
0-016 
Bursting pressure = 82 lbs. per square inch. 

Crown-glass. 

Experiment 12. 

Globe p. Diameters 4*2 and 4*35 inches. 

In parts of an inch. 
0-0252"! 
0*0270 

Thic^esses measured ^ 0-030 )• Minimum =0*025 inch. 

0*0252 
l^0-0266^ 
^iWper square inch. 
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Experiment 13. 
Globe q. Diameters 4*05 and 4*20 inches. 

Li parts of an inch. 
0028 ^ 
0-0236 
0-0256 
0-0236 
0*0212 
00210 

Bursting pressure =126 lbs. per square inch. 



Thicknesses measured -< 



> Minimum = 0*02 1 inch. 



Experiment 14. 
Globe r. Diameters 5*9 and 5*8 inches. 

In parts of an inch. 
^0*0334^ 



Thicknesses measured < 



0*020 

0*0244 

0*017 

0*0172 

0*016 



> Minimum = 0*0 1 6 inch. 



Burst with 69 lbs. per square inch. 



Experiment 15. 



^, , rk« i. f horizontal =6*0 i 

Globes. Diameters I ^^^j^^j ^g.g ^ 



= 6*0 inches, 
inches. 



In parts of an inch. 
^0*024 



Thicknesses measured < 



0-020 
0*0228 
0*0204 
0*0270 
^0*0262^ 



> Minimum = 0*020 inch. 



Bursting pressure =86 lbs. per square inch. 

f4 



72 ON THE MECHANICAL PBOPEBXHBiS OF 6LASS5 




Experiment 16. 
Ellipsoid t Diameters 4*1 and 7*0 inches. 

In parts of an inch. 

0-0180 
0-0208 

Thicknesses / ^.^^^^ ). Minimum 0-016 inch, 
measured ^ ^.^^g^ ^ 

0-0170 
0-0220 

Bursting pressure = SO lbs. per square inch. 



Experiment 17. 
Ellipsoid V. Diameters 4-0 and 7-0 inches. 

In parts of an inch. 

^0-0206 
0-0208 
0-0 V 24 

Thicknesses measured -{ Q^oofi 



>► Minimum =0-01 9 inch. 



0-022 
0-021 
1^0-0254 J 

Bursting pressure = 109 lbs. per square inch. 



Summing up the preceding results^ they are arranged 



in the following Table : — 
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Summary of Results. 

Table Y. — Resistance of Glass Globes to internal 

Pressure. 



Number of 
Experiment. 


DetcriptSoo of Gljut. 


DUncCer 
tnincbM. 


TbickneMia 

paruof ma 

inch. 


Barttloff 
PrcMure in 
poaods. per 
•qoareinch. 


L 

IL 

IIL 

IV. 

V. 

VL 


>Flint-gla88 . .< 


4*0 x3*98 
40 X3-98 

4 
4-5 X4-55 
5-1 x5-12 

6 


0024 
0-025 
0-038 
0-056 
0*058 
0*059 


84 
93 
150 
280 
184 
152 


vm. 

TX. 

X. 

XL 


1 [ 

^ Green glaas . .< 

- 


4*95 X 5-0 
4-95 X 50 
40 X4-05 
4-0 X4-03 


0*022 
0*020 
018 
0*016 


90 
85 
84 
82 


xn. 
xm. 

XIV. 
XV. 


Crown-glass, .i 


4-2 X4-35 
405 X 4*2 
5*9 x5*8 
6*0 x6*3 


0-025 
0*021 
0-016 
0H)20 


120 

126 

69 

86 



iBLE VI. — Resistance of Glass Cylinders and Ellipsoids 

to internal Pressure. 



'umber of 
^periment. 



VII. 

XVI. 

XVII. 



Deieriptioa of 

GlMS. 



FItnt-glaM • 
Crown>glast 
Crown*gl 



Fonnof VcMcL 



Cylinder 
BIlipMid 
BUipMid 



Diameter 
in indies. 



4*05 X 7-0 
4-1 x7-0 
4*1 X7-0 



Tliiekne«,iD 

p«rU<rf an 

incli. 



0-079 
0*016 
0019 



'Bnntinfr 

PreMore^ln 

pounds per 

■qnarein. 



8R3 

80 
109 
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During the collapse the globes were reduced to the 
smallest fragments ; in some cases a great part almost to 
powder, hj the violence of the concussion. Hence in 



lese experiments no indication could be found of the 
lode in which the globes had given way, nor of the 
Tection of the primary lines of fracture. 



76 OK THE MECHANICAL PBOPEBTIES OF OLAiBS^ 

After the globe had been rupturec!^ the fragments were 
carefully collected^ and a selection having been made of 
the thinnest^ they were measured, as before, by means of 
a micrometernscrew. The minimum thickness thus deter- 
mined has been assumed for the thickness of the point of 
rupture in the calculations. 

FlinUglass. 

EXPEBIMEKT 1. 

Globe A. Diameters 5-05 and 4*76 inches. 

In parts of an incli, 

fO-0170 
0-0192 
0-0190 

Thicknesses measured-^ 0-0220 

0-0146 



00178 
0-0154 

Collapsing pressure =292 lbs. per square inch 



Minimum =0*014 inch* 



EXPEBIMEKT 2. 

Globe B. Diameters 5*08 and 4*7 inches. 

In parts of an inch. 

^0-0210 
0-0200 
0-0180 
0-0200 
0-0194 
0-0188 
0-0192 
0-0196 



Thicknesses measured < 



>- Mmimum = 0-018 inch. 



run 



ipdng pressures 410 lbs. per square incL 
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EXPEBIMENT 3. 

Globe C. Diameters 4*95 and 4*72 inches. 

In parts of an inch. 

^0-0214 
0-0246 
0-0208 
0-0220 
0-0266 
0-0222 
0-0226 



icknesses measured 



y Minimum =0 022 inch. 



Collapsing pressure =470 lbs. per square inch. 

EXPEBIMENT 4. 

be D. Diameter 5-6 inches. 

Minimum thickness = 0*020 inch. 
Collapsing pressure = 475 lbs. per square inch. 



Experiment 5. 
Globe E. Diameters 8-22 and 7*45 inches. 

In parts of an inch. 

f00152" 
0-0118 
0122 
0-0100 

0-0128 }'^^°^um=0'010 inch, 

0-0108 
0-0108 
00110 
0-0102 

Collapsing pressure = 35 lbs. per square inch. 



licknesses measured -< 
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6. 

CM* F. Digneters 8-2 and 7-2 inches. 

la fam of as lEicb. 
^0-0124"! 
, (H)138 

^ 0-0116 l^^^En™am= 0*012 inch. 
^ 0O120 '■ 

CoIIapsag presBare=-l2 lbs. per square mcL 
C/c/dtf G. INameters 8-2 and 7-4 inches. 

IflL psns of an inch. 

00144 > 

00166 i 

0^148 ' 
Thicknesses measured^ 00144 ^^''""^^MnrrO'OlS inch. 

! 0O158 
0-0164 
|^0-0150J 

CoUapeing pressure =60 lbs. per square inch. 

£XP£SLM£XT 8. 

Glade H. Diameters 40 and 3*98 inches. 
Minimum thickness =0*024 inch. 

This globe sustained unbroken a pressure of 900 lbs. 
per square inch. 

EXPEBIMENT 9. 

Globe L Diameter 4*0 inches. 

Minimum thickness =0*025 inch. 

This globe sustained unbroken a pressure of 900 lbs. 
per square inch. 
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Experiment 10. 

Globe K. Diameter 6*0 inches. 

Minimum thickness =005 9 inch. 

I globe remained unbroken with a pressure of 
38. per square inch. 

Experiment 11. 

Cylinder L. Diameter 3*09 inches. 

Length 14 inches. 



nesses measured < 



In parts of an inch. 
0-0243"^ 
0-0241 
0-0235 



Fig. 14. 



Minimum 

0-0238 f =0024 inch. 
0-0241 




1^0-0352 J 
sing pressure =85 lbs. per square inch. 



I 
I 
I 
I 
I 



i 



V- 



Experiment 12. 

Cylinder M. Diameter 3-08 inches. 

Length 14 inches. 



In parts of an inch. 
^0-0320 



Fig. 15. 



i^ 



Minimum 
= 0-032 inch. 



0-0324 

, . 0-052 
:nesses measured ^ q,q^ ^ ^ 

\ 0-0326 
L0-0322J 
)sing pressure =103 lbs. per square inch, 



a 



V- 



w£a.>ni 



t i**^! ffK.U Z^ 








.V. 



^MiCt. "TliilHHIIH.,-j y'*?4g 



bnrL 



:±^ 



^.•uncsxnr 






^iL. 






Ennnxnr;=r J-734 izi. 






*^=-a.'U. :!b^ Ter i«i:3a£<? jna. 



libuier 3 



iamcter -=r*»5^ : 

TTtfTHftSi 



^^ A. 



y 



j-ia:a 



^ i ii i nunL ^^XHS indu 
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EXPEBIHENT 16. 

Cylinder Q. Diameter 4-06 inches. 

Length 13*8 inches. 

lo parts of an incli. Fig. 19. 



0-0448 

0050 

0-0474 

knesses measured ^ 22J?2 

0-0470 

0-053 

0-0434 



I Minimum 

^ =0-043 inch. 



Collapsing pressures 180 lbs, per square inch. 




Experiment 17. 

Cylinder R. Diameter 4 '02 inches. 

Length 13-8 inches. 

In parts of an inch. 

^0-0678 
0-0664 
0-0728 
00718 
0-0660 
0-0644 
0-0706 
0-0682 



knesses measured < 



Fig. 20. 



I Minimum 

^ =0-064 incL 



collapsing pressures 297 lbs. per square inch. 




G 
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Kg. 21. 




Experiment 18. 

Cylinder S. Diameter 3*98 inches. 

Length 14*0 inches. 

In parts of an inch. 

0-0792") 

0-0774 

0-0762 

0-0812 

0-0828 

00848 

0-0836 

0-0778 

0-0766 



Thicknesses 
measured 



► Minimum = 0*076 inch. 



Collapsing pressure =382 lbs. per square inch. 



Fig. 22. 




Experiment 19. 

Cylinder T. Diameter 4*05 inches. 

Length 7*0 inches. 

In parts of an inch. 

0079 
0*081 
0*090 
0*086 
0*086 
0*079 
0086 



Thicknesses 
measured 



>■ Minimum =0*079 inch 



This cylinder remained unbroken after sustaining a pre 
sure of 500 lbs. per square inch. 
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Experiment 20^ 

Cylinder V. Diameter 4*2 inches. 

Length 22 inches. 

In parts of an inch. 

^0-063 
0-056 
0-057 
0-055 
0-057 
0-055 
0-056 



:nesses measured < 



>• Minimum =0*055 inch. 



Collapsed with 120 lbs. per square inch. 



messes measured < 



Experiment 21*. 

• 

Cylinder W. Diameter 4-1 inches. 

Length 21*5 inches. 

In parts of an inch. 

^0-0535 
0-051 
0*055 
0*052 
0053 
0060 
0*057 
00525 
0-055 ^ 

Collapsed with 129 lbs. pressure per square inch. 

le experiments marked with an asterisk were not originallj incladed 
calculations ; but the results are strictlj in conformity with those 
isly reduced. 

G 2 



>- Minimum = 0051 inch. 
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EXPEBIMENT 22*. 

Cylinder X. Diameter 4*2 and 4*1 inches. 

Length 22 inches. 

In parts of an inch. 

0*0455 
0*047 
0*047 
0*049 
0*047 
0*047 
052 
0*047 
0*049 
0*047 
0*054 
0*046 

Collapsing pressure = 125 lbs. per square inch. 



Thicknesses measured \ ^. 



I Minimum = 0*0455 
inch. 



Green Glass. 

Experiment 23. 

Globe Z. Diameters 5*0 and 5*02 inches. 

In parts of an inch. 

^0*015 ^ 
0*013 
0*0125 
0-019 
0*016 
0*018 
0*021 
0*0126 
0*013 



Thicknesses measured < 



^Minimum= 0*0125 
inoht 



d iriih 212 lbs. per square incL 



.. ; 
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Table VII. — Summary of the Results of Experiments 
on the Resistance of Glass Globes to an External 
Pressure. 



Number of 
Experiment. 


DetcripUon of Glut. 


1 

»°»~»»"- I^lSTr* «»rili"^' 


L 
IL 

Ml. 

IV. 
V. 

VI. 

VIL 
VIIL 

TX. 
X. 


Flint-glass . .- 


' 5-05 and 4*76 
5-08 and 4*7 
4-95 and 4*72 

5 6 
8-22 and 7-45 
8-2 and 7-2 
,8-2 and 7-4 
4-0 and 3-98 

40 

6-0 


0*014 
0*018 
0*022 
020 
0-010 
0*012 
0-015 
0*024 
0*025 
0059 


292 
410 
470 
475 
35 
42 
60 
(900)* 
(900)^ 
(1000)» 


xxnL 


Green glass . . 


50 and 5-02 0*0125 


212 



Table VIIL — Summary of Results of Experiments on the 
Resistance of Glass Cylinders to an External Force, 



Number of 
Experiment. 


Descriptton of GlaM. 


Diameters, 
in incites. 


Length, in 
inches. 


Minimum 
Thickness, 
in inches. 


Collapsinf 

Pressure, 

per square 

inch, in lbs. 


XL 


"1 r 3-09 


14-0 


0024 


85 


XIL 




1 3-08 


14*0 


0-032 


103 


XIIL 




3-25 


14*0 


0*042 


175 


XIV. 




' 4-05 


7-0 


0*034 


202 


XV. 




; 4-05 


7-0 


0*046 


380 


XVL 


-Flint-glass . 


4-06 


13*8 


0*043 


180 


XVIL 


4-02 


13-8 


0*064 


297 


xvm. 




3*98 


14*0 


0076 


382 


XIX. 




4*05 


7-0 


0*079 


(500)t 


XX. 




4-20 


22*0 


0055 


120 


XXL 




4*10 


21*5 


0*051 


129 


XX IT 


-' 


- 4-15 


22*0 


0*046 


125 



* These globes remained unbroken. 

o 3 



f Remained unbroken. 
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SECTION V. 

REDUCTION OP THE PRECEDING RESULTS. 

L Generalisation of the Results of Experiments on the 
Resistance . of Glass Globes and Cylinders to External 
Pressure, 

Let us assume — 

P = the external pressure in pounds per square inch to 
produce rupture. 

D = the diameter of the globe or tube^ as the case may 
be^ in inches. 

A = the thickness of the glass in inches. 

p = the pressure P reduced to unity of thickness, viz. 
A=*01 inch. 

C, ay ^y constants to be determined from the data sup- 
plied by the experiments. 

Then for the globes we assume 



and for the cylinders 



■^""]q;8> • • • • (0 



jyi/^ • • • (2) 



where the exponent of the thickness is the same in both 
formula. 

Hence we find for globes of the same diameter and also 
for cylinders of the same length and diameter — 

^^logP^-logP^ . , (3) 
logA^-logAg 

Taking the results of Experiments 1 and 2, we find 
asl*^iS: from 5 and 6 we find a=l*33; from 11 and 

28; firom.ie and 17 we find a=: 1*86; 
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and from 15 and 16 we find ass 2. Hence we get for 
the mean value of a^ 

a=^{l-35 + l-334-l-28 + l-264-2} = l-4. 

Again^ the following formula enables us to reduce the 
pressure P, of the cylinders as well as of the globes, to 
unity of thickness, 

log p=log P -a log (100 A) . . (4) 

Making these calculations, we obtain the following 
Tables of results : — 

Table IX. — Reduction of the Results of Experiments 
on the Resistance of Glass Globes to Unity of Thickness. 



Kiimber of 
Experiment. 


D. 
Diameter, 
in inches. 


k. 
Thicknets, 
in inches. 


P. 
Collapsing Pres- 
surr, in Ihs. per 
square inch. 


p. 
P ri^luced 
to Unity of 
Thickness. 


L 

IL 

IIL 

IV. 

V. 

VL 

VTT. 


505 
5-08 
4-95 
5-60 
8-22 
8-20 
8-20 


•014 
•018 
•022 
•020 
•010 
•012 
•015 


292 

410 

470 

475 

35 

42 

60 


178 

168 

156 

180 
35 

32-54 
34*01 



Table X. — Reduction of the Results of Experiments on 
the Resistance of Glass Cylinders to Unity of Thickness. 



Number of 
experiment 



XL 

XIL 

XIIL 

XIV. 

XV. 

XVL 

XVIL 

xvm. 



D. 
Diameter, 
in inches. 



3-09 
308 
3-25 
405 
4-05 
4-06 
4-02 
3-98 



L. 

Length, 
in inches. 


k. 
Thickness, 
in inches. 


14 


0024 


14 


032 


14 


0-042 


7 


0*034 


7 


0-046 


13 8 


0043 


138 


0064 


14 


0076 



P. 

Collapsing Pres- 

sure, in lbs. per 

square inch. 



85 
103 
175 
202 
380 
180 
297 
382 



P« 

P reduced 

to Unity of 

Thickness. 



27*36 
20-23 
23*47 
36*41 
44-86 
23*36 
22-10 
22-33 



O 4 
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pressure supposing the globe to be flint-glaes; but the 
crushing pressure given hj the experiment is 2 1 2 lbs. ; 
hence it appears that the resistance of green glass to ex- 
ternal pressure differs very little from that of flint-glass. 
The following Table will show how nearly formula (9) 
represents the results of the experiments on glass globes. 



Table XT. — Results of Experiments on the Resistance of 
Glass Globes to External Pressure, 



Number of 
Experiment. 


D. 


k. 


P 
by Experi- 
ment. 


P 

by Formula 
(9). 


Proportional 
Error by 
Formula. 


L 

TI. 

111. 

IV. 

V. 

Vl. 

VII. 

VTII. 

IX 

y. 

XXIIL 


505 ^014 
K.AQ •mo 


292 
410 
470 
475 
35 
42 
60 
900* 
900* 
1000* 
212t 


292 

408 

680 

340 

35 

44-8 

61^3 

1370 

1450 

1218 

258 



1 


4-95 

5-6 

8 22 

8*2 

8-2 

4-0 

4-0 

6-0 

502 


vmo 

•022 
•020 
•010 
•012 
•015 
•024 
•025 
•059 
•0125 


o5 




The lengths of the cylinders of Experiments II, 12, 
and 13 are the same, and their diameters are nearly 
equal to one another. The same observation applies to 
the cylinders of Experiments 14 and 15, and also to 
Experiments 16 and 71. In order, therefore, to reduce 
the pressures p to uniformity of diameter, we may as- 
sume, for such small differences, that D varies as ^. 

These reductions being made, we may obtain the following 
Table:— 



* Bemained unbroken. 



f Green glass. 
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Table XII. — Reduction of the Results of Experiments on 
Glass Cylinders to uniformity of Diameter y 8fc. 



Number of 
Experiment 


D. 

Diameter, 
in inches. 


L. 

Length, 
in inches. 


P reduced to Unity 
of Thickness. 


pD L. 


11, 12, 13, 

14. 16, 

16, 17, 

18. 


3 

405 
4 05 
3 98 


14 
7 

13-8 
14 


24-81 
40-63 
22-67 
22-33 


1042 
1151 
1260 
1240 



Mean value of p L D =1^1522- 
^ 1173 

Here the continued product of the pressure, diameter, 
and length is shown to be very nearly a constant quantity, 
the thickness of the glass being the same, that is (ot 
A = '0 1 . Hence we have 



•01' 



. (11) 



Now the mean value of joDL is 1173, as shown in 
Table XL, and a=l*4, as determined by equation (3); 
hence we find 

C=nS= 740,000. 

.011-4 

Substituting these values of the constants in equa- 
tion (2), we get 

• . • (12) 



P= 740,000 



DL' • • 

which is the general formula for calculating the strength 
of glass cylinders subjected to external pressure, within 
the limits indicated by the experiments, that is, provided 
thmr lAno^ ia not less than twice their diameter, and not 

than riz times their diameter. This law 
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of strength is precisely similar to that found for sheet-iron 
tubes. 

For convenience of calculation^ this formula may be 
written 

log P=3-06923 + 1-4 log (100 A)-log(DL) . (13) 

The following Table will show how nearly formula 
(12) represents the results of the experiments on glass 
cylinders : — 



Table XIIL — Results of Experiments on the Resistance of 
Glass Cylinders to External Pressure. 



1 

Number of 








P 


P 
by Formula. 


Proportional 


Experi- 
ment. 


D. 


L. 


k. 


by Experi- 
ment 


Error by 
Formula. 


XI. 


3-09 


14 


•024 


85 


86 


+ J- 


XII. 


3-08 


14 


•032 


103 


138 


+r 


xnx 


3-25 


14 


•042 


175 


192 


+ J 


XIV. 


4-06 


7 


•034 


202 


227 


~"1S 


XV. 


4-05 


7 


•046 


380 


351 


XVL 


4-06 


13-8 


•043 


180 


161 


XVIL 


4-02 


13-8 


•064 


297 


284 


4 


XVIII. 


3-98 


14 


•076 


382 


361 


XIX. 


4-05 


7- 


•079 


500 


747 


Unbroken. 


XX. 


4-2 


22 


•065 


120 


138 


+ J 


XXL 


41 


21-5 


•051 


129 


130 


It 


XXTT. 


4-2 


22 


•0455 


125 


107 



Comparative Strength of Glass and Sheet-iron Cylinders 
subjected to an External Pressure tending to produce 
Collapse. 

The formula of strength for sheet-iron cylinders, after 
reducing L to inches, is 

P'=806,300xl2x^. 

ijij 

Now for cylinders of the same diameter, length, and 
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thickness, we find, by dividing equation (12) by the 
above, 

p — p9" • • • • u^y 

When A ='043, as in most of the experiments on iron, 
then =5^= — ; that is, in this case, the strengths of the 
two cylinders will be nearly equal to one another. 



11. Generalisation of the Results of the Experiments on the 
Resistance of Glass Globes , Cylinders, and Ellipsoids to 
Internal Pressure. 

Let D=the diameter of the globe or cylinder, as the 

case may be. 
A;=the thickness of the material in inches. 
a=the longitudinal sectional area of the material 

in square inches ; that is, in the direction of 

the line of rupture, or line of minimum 

strength, 
A=the longitudinal section in square inches. 
P=the bursting pressure in lbs. per square incB. 
T=the tenacity of the material in lbs. per square 

ifich. 

Then, we find 

P=^; .... (15) 

T=?A; .... (16) 
a ^ 

PA . 

that is, is a constant for vessels of the same material. 

This theoretical deduction is fully confirmed by the results 
of these experiments, as arranged in the following Table : — 
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Table XIV. — Resistance of Glass Globes, Cylinders, and 
Ellipsoids to an Internal Pressure. 



Number 
ofEx- 


DetrlptioniOfQl— . 


XK 


k. 


p. 


Yaloeof 

a 


ll«aa 

Value uT 


periment* 










P^. 


1. 


•^ ^ 


4-0 and S^ 


•094 


84 


3500 


^ 


S. 




4*0 and S^ 


•OSft 


93 


3710 




8. 




4*0 


•088 


150 


8950 




4. 


'Fllnt-gUu 


4-5 and 4-55 


•056 


3^ 


56^0 


•4S0D 


5. 




6-1 and 612 


•058 


184 


4050 




6. 




fro 


•ow 


153 


8870 




7. 


J \. 


4*06 and 7-0 


•079 


383 


4660 


J 


& 


^ r 4 95 and 6*0 


•093 


90 


4040 ^ 


9. 


f _ . ) A-^ and 5^ 


•oso 


85 


5380 f .^-Jk 


10. 


> Green giaM < 


4-0 and 405 


•018 


84 


4690 |M«» 


11. 


m 


4*0 and 4*03 


•016 


83 


5150 ij 


13. 


-\ f 


4-S and 4*35 


•035 


ISO 


5190 


N 


13. 




43 and 4-05 


•031 


136 


6190 


14. 




5*9 and 5*8 


•016 


69 


6300 


15. 


' Crown-glasi • 


6*0 and 6*3 


•020 


86 


699t} 


"6000 


16. 




4! and 7*0 


•016 


80 


6:t60 




17. 


-' V. 


4-0 and 7*0 


•019 


109 


6900 


J 



Hence we have the tenacity of glass, — 

lbs. per sq. in. 

T=4200, for flint-glass, 

T=4800, for green glass, 
md T=6000, for crown-glass. 

The general equation (15), giving the bursting pressure 
n pounds per square inch, then becomes — 

P=4200 X ^, for flint-glass, 

P=4800 X -^, for green glass. 

P=6000 x-^, for crown-glass. 
A 

For globes of uniform diameter and thickness these 
)rmul8& become — 
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P= 16,800 X 4> for flint-glass. 



P = 19,200 X 1^, for green glass, 
P= 24,000 X ^, for crown-glass. 



Ill, Generalisation of the Results of Experiments on the 
Tensile and Compressive Resistances of Glass, 

Mean tenacity (T,) of glass in the form of bare 
=i(2286 + 2540 + 2890 + 2540)=25601b8. per sq. in. ; 
Mean tenacity f T',) of glass in the form of thin plates 
=i(4200+4800 + 6000) =5000 lbs. per square inch; 



T' 5000 „ , 
Tf=2560=2°^"^y' 



that Is, the tenacity of glass in the form of thin plates is 
about twice that of glass in the form of bars. 
Mean resistance (T2) of glass to compression 

=1(27582 + 31876 + 31003)=30,150 lbs. per sq. in.; 

T2 30,150 ,,Q , 
y^=^ '^ =11*8 nearly, 
Tj 2560 ^' 

that is, the ultimate resistance of glass to a crushing force 
is about twelve times its resistance to extension. 



IV. Resistance of Rectangular Glass Bars to a Transverse 

Strain. 

Let Z=the length of the bar supported at the ends and 
loaded in the middle. 
W =breakmg weight in lbs. 
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K=area of the whole transverse sectioD. 
D=the whole depth of the section. 
d^ i/j=the respective distances of the top and bottom 
edges from the neutral axis. 
Tj=the tensile resistance of the material in lbs. per 

square inch. 
T2=the compressive resistance of the material in lbs. 
per square inch. 
Then we have Tate's " Strength of materials," equa- 
tions (27) and (6) — 

W=|.?4?,andTi=^; 

hence we get 

W=4.^^x?^=C^. . (17) 

where the constant 

C=.. T^ =ix^^«;>l?;^^Q =3140 nearly. 
^ T^ + Tj ^ 32710 ^ 

Substituting this value of the constant, equation (16) 
becomes 

W=3140^, .... (18) 

vhich expresses the transverse strength of a rectangular 
)ar of glass supported at the ends and loaded in the 
oiddle. 
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sirable to ascertain the effects produced by these causes on 
a material from which we derive so many advantages, and 
on the security of which the safety of the public not un- 
frequently depends. 

Independent of atmospheric influences, another con- 
sideration presents itself in reference to the durability and 
ultimate stability of iron under changes much greater than 
those alluded to above, and this is the strength of such ves- 
sels as pans and boilers subjected to the extreme tempera- 
tures of boiling liquids on one side, and the intense heat 
of a furnace on the other. But even these extremes, how- 
ever greats do not seem seriously to affect the cohesive 
strength of wrought-iron plates^ nor do they appear to 
cause any disruption of the laminated structure which 
results from the system of piling and rolling adopted in 
the manufacture, excepting only where small particles of 
scoria happen to intervene between the laminated surfaces. 
These not unfrequently prevent a perfect welding, as the 
plate is compressed by passing through the rolls, and the 
effects of temperature are strikingly exhibited in the pro- 
duction of large blisters upon the surface of the plate, as 
shown in the annexed sketch at a, a. Now the reason of 

Fig. 23. 



this is the want of solidity and homogeneity in the plate, 
and the consequent expansion of the lower part exposed 
to the greatest heat Let us suppose, for the sake of 
illustration, the plate to be |ths of an inch thick, and the 
mrface 6 to be the interior of a boiler-plate, and the sur- 
face a, a to be exposed to the action of the fire in the 
xurnace. In this case it is evident that the temperature 
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perature was attained or when it became too high. The 
fiilcrum of the lever is shown at fy and the scale in which 
the weights were placed at g. The cast-iron standard 
was firmly bolted to the heavy balks of timber upon which 
it stands, and the pressure on the specimen was adjusted 
by placing weights in the scale. 

The plates experimented upon were of the form shown 
in fig. 24, reduced at a, to 2-j inches wide, and at 3 to 2 
inches wide, in order to secure fracture at the part of the 



Fig. 24. 
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Fig. 25. 



-- -4."">! 




plate immersed in the liquid in the bath. At each end 

two holfs are drilled to receive the bolts which fixed them 

in the shackles. The wrought-iron bars were formed in a 

dmilar manner. They were \ inch in diameter, reduced 

X) I of an inch at a, and to -^ inch, or \ inch at h. The 

ihackles were made to clasp the bars below the shoulders 

o as to apply the strain requisite to cause fracture. It is 

vident that the weakest part of the bars being within 

he bath, breakage was sure to occur at that point where 

ae temperature was raised or lowered to the required 
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With these preparations, the experiments proceeded as 
follows : — the bar to be broken was fixed between the 
shackles of the lever ; and, if necessary, the bath was 
filled, and the fire drawn close under it ; as soon as the in- 
tended temperature was attained, the lever was let down 
by the crab, and weights carefully added to the scale imtil 
the bar broke. During the process the temperature was 
observed from time to time, and the fire adjusted accord- 
ingly, and the temperature registered in the Tables was 
observed immediately after the bar had given way. 

Experiments to ascertain the Influence of Temperature on 
the Tensile Strength of Boiler Plate. 

Table I. — Strain applied in the direction of the fibre. 
Boiler plate ; sectional area =2*02 x '34 = '6868 sq. in. 



Tempe- 


No. of 


Strain 


Elonga- 


Breaking weight 




rature, 


experi- 


applied 


tion in 


per square incb 


Remarks. 


Fabr. 


ments. 


in lbs. 


incbes. 


in lbs. 




00 


1 


18,540 






For figures of the specimens 




2 


26,940 






experimented on, see 




3 


27,780 






Plate IV., the numbering ! 




4 


28,620 






of the figures correa-i 




5 


29,460 






ponding with that of the 




6 


30,300 






tables. 




7 


31,140 






Broke with a clear ringing 




8 


31,980 






noise, almost like cast- 




9 


32,820 






iron. 




10 


33,660 


•14 


49,009 


= 21-879 tons. 



The temperature in this experiment was reduced to 
zero by a mixture of pounded ice and salt, carefully 
*)Uoed round the plate in order to secure the same tempe- 
I in the metal as in the bath. 
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Table IL — Strain applied across the fibre. 
Boiler plate ; sectional area=2-5 x *31d= *7825 sq. in. 



Tempe- 
rature, 
Fahr. 


No. of 
experi- 
menU. 


Strain 

applied 

inlbf. 


Elonga- 
tion In 
Inches. 


Breaking weight 

per square Inch 

in lbs. 


Benarks. 


60° 


1 
2 
3 
4 
5 
6 


8,190 
10,140 
16,860 
23,580 
30,300 
31,980 


•162 


40.357 


*-* 18*001 tons. 



The experiments in the above and No. III. Table were 
conducted at the temperature of the atmosphere. Both 
specimens indicated a hard brittle iron, the interior lami- 
nations having somewhat the appearance of cast iron, with 
a fracture widely different from that exhibited when torn 
asunder in the direction of the fibre. 

Table III. — Strain applied across the fibre. 
Boiler plate ; sectional area s:2*0 x *32 = *64 sq. in. 



Tempe- 


No. of 


Strain 


Elonga. 
tionln 


Breaking weight 




rature, 


experi- 


applied 


per square inch. 
Inlbs. 


Remarks. 


Fahr. 


ments. 


in lbs. 


inches. 




60<^ 


1 

10 
11 
12 


10,140 

(1680 lbs. 

were added 

at a time 

till weight 

25,2«0 
26,100 
26,940 






Some steely spots in 
fracture. 


13 


27,780 


•1 


43,406 


= 19-377 tons. 
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Table IV. ^Strain applied in the direction of the fibre. 
Boiler plate ; sectional area =1*99 x *32 = '6368 sq. id. 



Tnnpe- Vo. of 


Strmfai 


tknin 


Breakhif weight 




rature, . experi- 


mpplied 


per Miuure inch 
inllM. 


Remarks. 


Fahr. mmU. 


inllM. 


incfaM. 




60<> 1 


10,140 










8 


18,540 










3 


20,220 










4 


21,900 








5 


23,580 






A fissure containing cin- 




6 


25,260 






der extended one-third 




7 


26,100 






of the breadth of the 




8 


26,940 






plate. In some parts 




9 


27,780 






the blade of a penknife 




10 


28.620 






could be introduced. 




11 


29,460 










12 


30,300 










Id 


31,140 










U 


31,980 


•2 


50,219 


* 22-414 tons. 



In some former experiments on the tensile strength of 
wrought-iron plates *, the strength of the specimens was 
rather more uniform, and there appeared to be no differ- 
ence between the strength of the plates when torn asunder 
in the direction of the fibre, and the strength when the 
strain was applied across it. Comparing Tables 11. and 
III. with IV., we find the breaking weight in the direction 
of the fibre is to that across it as 22*41 : 18*67, or as 5 : 4 
nearly ; but it is possible that this arises from inequality 
in the rolling of the two specimens. 



* Philosophical Transactions for 1850, p. 677, the results of which are 
also given in " Useful Information," First Series, Appendix I. 
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Table Y. — Strain applied across the fibre. 
Boiler plate ; sectional area = 1*99 x *33 sq. inch. 



mpe- 


No. of 


Strain 


Elonga- 
tion in 


ture. 


experi- 


applied 


abr. 


ments. 


inlbi. 


inchet. 


10° 


1 


25.260 






2 


26,940 






3 


27,780 






4 


28,620 






5 


29,460 


•13 



Breaking weight 

per Muare inch 

inlba. 



Remarks. 



Fracture \ery oneren. 



44,160 » 19*714 tons. 

The last weight was hardlj 
on: 29,000 lbs. was 
probablj nearer the 
breaking weight 



ABLE VI. — Strain applied in the direction of the fibre. 
Boiler plate; sectional area =2*0 x *34 = *68 sq. inch. 



mpe- 


No. of 


Strain Elonga. 
applied tlon In 


Breaking weight 




ture. 


experi< 


per square inch 


Remarks. 


abr. 


ments. 


in lbs. 


inches. 


in lbs. 




12° 


1 
2 
3 
4 
5 
6 


18,540 
20,220 
21,900 
23,580 
25,260 
26,940 










7 


28,620 




42,088 


= 18-789 tons. 



&4 
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Table VII.— * Strain applied in the direction of the fibre. 
Boiler plate; sectional area =2*54 x *32=*8128 sq. inch. 



Tempera- 


No. of 


Strain 


1 
ElongAtion 


Breaking weight 




ture, 


experi- 


applied 


per square inch 


Remarks. 


Fahr. 


ments. 


in lbs. 




in lbs. 




120° 


1 
2 
3 

4 


25,260 
26,940 
28,620 
30,300 










5 


31,140 




• 






6 


31,980 










7 


32,400 










8 


33,660 










9 


34,500 










10 


35,340 










11 


35,760 










12 


36,180 










13 


36,600 










14 


37,020 


•173 


40,625 


» 18*136 tons. 



The last three experiments, at a mean temperature of 
1 14°, indicate a near approach to uniformity of strength, 
that broken across the fibre being the strongest ; the verj 
reverse of those fractured at 60**, the numbers being as 
197 : 184, or as 44 : 41 nearly, showing a loss of about 
•007 p€r cent. It is difficult to account for these changes 
and defects in the strengths of the plates, as most of the 
specimens were cut from one plate, and all of them were 
of the same manufacture. 



Table YIII. — Strain applied in the direction of the fibre. 
Boiler plate; sectional area =2*6 x '308 = *8008 sq. inch. 



Naef 



strain 

HI IM. 



-*^oo 
1 



Elongation 
in inches. 



'15 



Breaking weight 

per square inch 

iu lbs. 



89.935 



17*82810111. 
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Broken in boiling water. This specimen did not break 
at the narrowest part of its section, which shows a serious 
defect in the plate. 

Table IX. — Strain applied across the fibre. 
Boiler plate ; sectional area =2*01 x '33 = *6633 sq. inch. 



Tempera- 


No. of 


Strain 


Elongation 

In 4ffW*WA4 


Breaking welgtit 




ture, 


experi- 


applied 


per iquare inch 


Remarks. 


Fahr. 


ments. 


inlba. 


UI iUVUWa 


InlkM. 




212^ 


1 


18.540 






Broken in boiling 




2 


20»220 






water. 




3 


21,900 










4 


23,580 










5 


25,260 










6 


26.940 










7 


27.780 










8 


28,620 










9 


29,460 




1 






10 


30,300 


•11 . 


45,680 


» 20 '392 tons. 


■ 












- 








1 



In Table VIII.^ where the specimen was drawn in the 
direction of the fibre^ there appears to be some defect in 
the plate, as it gave way^ not at the smallest section, but 
at a wider part of the plate, with a force of only 39,935 lbs. 
to the square inch, whereas the same plate torn asunder 
across the fibre sustained a force of 45,680 lbs. before 
breaking. This difference of strength can only be ac- 
counted for by some defect not perceptible when the frac- 
ture was examined. The difference of strength, at the 
temperature of boiling water, indicated by these two 
E^ecimens, is as 178 : 203, or in the ratio of *87 : 1. 
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Table X, — Strain applied in the direction of the fibre. 
Boiler plate ; sectional area =2*0 x •34 = '68 sq. inch. 



Tempera. 


No. of 


Strain 


Elongation 


Breaking weight 




ture. 


experi- 


applied 


per square inch 


Remarks. 


Fahr. 


ments. 


in lbs. 


All lUlvUww* 


inlbf. 




212° 


1 


18,540 






Broken in boiling 




2 


20,220 






water. 




3 


21,900 










4 


23,580 










5 


25,260 










6 


26,940 










7 


27,780 










8 


28,620 










9 


29,460 










10 


30,300 










11 


31,140 










12 


31,980 










13 


32,820 










14 


33,660 


•22 


49,500 


=22*098 tons. 



Comparing this plate with that in experiment VIIL, it 
will be seen that the power of resistance of the former is 
more than one fifth greater than that of the latter^ showing 
that there must have been some defect in the longer 
section of the specimen^ or fracture would not have ensued 
at so early a period of the experiment. We cannot aban- 
don this experiment^ as no defect presented itself, if we 
except the highly crystallised state of the fracture, both 
specimens having been drawn asunder in the direction of 
the fibre. In these experiments it will be observed that 
the infusion of heat into wrought^iron plates, from zero to 
212^ does not injure, but rather improves, their tensile 
strength. 
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Table XI. — Strain applied in the direction of the fibre. 
Boiler plate; sectional area =2*01 x '32 = *6432 sq. inch. 



Tempera- 
ture, 
Fahr. 


No. of 
experi- 
menu. 


Strain 


Rlongation 
in inches. 


Breaking weight 

per square inch 

In lbs. 


BcBurkiT 


270*^ 


1 
2 
3 
4 
5 
6 
7 
8 


18,540 
20,220 
2 1, '900 
23,580 
25,260 
26,940 
27,780 
28,620 


•13 


44,020 


Broken in hot oil. 

Broke before the last 
weight was fairlj 
on; 28,320 lbs. pro- 
babljT nearer. 
» 19*651 tons. 



From this experiment it appears that an increase of 58^ 
of heat makes no perceptible difference in the strength of 
the plate. If we take the mean of the two previous 
experiments^ in the direction of the fibre, it will be found 
there is no great difference between them, the mean of 
Tables VIII. and X. being 44,708, and Table XI. giving 
44,020 lbs. to the square inch. 



Table XII. — Strain applied in the direction of the fibre. 
Boiler plate ; sectional area =2*0 x -32= *64 sq. inch. 



Tempera* 

ture, 

Fahr. 


Naof 
experi- 
ments. 


Strain 
applied 
Tnlbs. 


Elongation 
in inches. 


Breaking weight 

per square inch 

in lbs. 


Remarlis. 


340® 


1 
2 
3 
4 
5 
6 
7 


25,260 
26,940 
28,620 
29,460 
30,300 
31,140 
31,980 


•I 


49,968 


s 22*307 tons. 
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In this experiment the plate gave way at the shackle, 
the bolt which held the plate tearing through the eye, and 
forcing away a four-sided piece as the plate was about to 
yield to the weight on the lever. We may therefore safely 
assume 31,980 or 32,000 lbs. as the ultimate strength or 
breaking weight of the plate. 



Table XIII. — Strain applied across the fibre. 
Boiler plate; sectional area =;2'0 x '34=*68 sq. inch. 



Tempera- 


No. of 


Strain 


Elongation 
in Incliei. 


Breaking weight 




ture, 
Fahr. 


experi- 
ments. 


applied 
in lbs. 


per square inch 
in lbs. 


Remarks. 


340° 


1 
2 
3 

4 
5 
6 
7 


18,540 
20,220 
21,9U0 
23,580 
25.260 
26,940 
27,780 






Broken in hot oil 




8 


28,620 


•15 


42,088 


= 18*789 tons. 



The mean result of experiments XII. and XIII. is 
46,014 lbs., or about 20^ tons per square inch, evidently 
showing that the iron is in no degree injured by a tempe- 
rature ranging from zero up to 340^ and this temperature 
may probably be increased as high as 500** or 600® without 
seriously impairing the strength, as may be seen in the 
following Table at nearly 400°. 
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Table XI Y. — Strain applied in the direction of the fibre. 
Boiler plate; sectional area =2*02 x *33 = *6666 eq. inch. 



Tempera- 
tare, 
Fahr. 


No. of 
expert- 
meots 


Strain 

applied 

iollM. 


Elongation 
in inches. 


Breaking weight 

per square Inch 

in lbs. 


Remarks. 


395° 


1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 


18,540 
20,220 
21,900 
23,580 
24,420 
25,260 
26,100 
26.940 
27,780 
28,620 
29,460 
30,300 






Broken in hot oil. 




13 


30,720 


•18 


46,086 


= 20-574 tons. 



The only difference between this and the last two ex- 
periments is the increased elongation, which in the latter 
was 1*25, and in the former "18 inches. However, the 
elongation of these short specimens cannot always be de- 
pended on, as there is considerable difficulty in ascertaining 
them accurately. 

Table XV. — Strain applied across the fibre. 
Boiler plate, sectional area= 20 x 'SI = 62 sq. inch. 



Temp«ra- 


No. of 


Strain 


Elongation 

in innhffft 


Breaking weight 




ture. 


• experi- 


applied 


per square inch 


Remarks. 


Fahr. 


ments. 


in lbs. 




in lbs. 






1 


8,190 








A scarce- 


2 


10,140 








ly per- 


3 


11,820 








ceptible 


4 


13,500 








red heat. 


5 


15,180 










6 

7 
8 
9 


16,860 
18,540 
20,220 
21,900 










10 


23,520 


•15 


38,032 


= 16-978 to 
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The plate in this experiment was heated until it became 
perceptibly luminous in the shade ; it was then loaded, as 
before, until fracture ensued. In this experiment it will 
be observed that a considerable diminution of strenofth 
took place in consequence of the increased temperature, 
clearly showing that above a certain point the tensile 
strength of wrought iron is seriously injured. This fact 
is more strikingly apparent in the next experiment, in 
which the temperature was raised to a dull red heat, just 
perceptible in daylight. 

Table XVI. 

In this experiment a plate of the same description as 
the last was raised to a dull red heat, when the weight of 
the lever was allowed to strain the specimen with a force 
of 18,540 lbs., and fracture immediately ensued. The 
elongation was '23. 

Sectional area of boiler plate= 1*96 x '31 = '6076 sq. 

inch. 
Strain applied across the fibre. 
Breaking weight per square inch = 30,513 lbs. = 13*621 

tons. 

This experiment is quite conclusive as to the efiects 
produced on wrought iron whenever it approaches a red 
heat. At that temperature nearly one half its strength is 
lost ; it becomes exceedingly ductile, and is drawn con- 
siderably in the direction of the strain before its cohesive 
powers are destroyed. 

The greatly increased ductility of wrought-iron plates, 
at a dull red heat, is strikingly exemplified in the flues of 
boilers, whenever the water gets low, or recedes below 
the surface of the plates, and that more particularly if the 
plates are immediately over the fire ; in such a position 
the flues readily collapse with a comparatively low pree- 
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sure. In the bending of a plate, when red hot, a very 
small force is required ; but within limits of temperature 
not exceeding 400^ it requires nearly the same force to 
produce collapse as it would at any temperature above 32% 
or the freezing point of water.* 

Collecting the results of these experiments, tabulated 
above, it will be necessary to exhibit them in a more con- 
densed form, so as to facilitate comparison, and to deduce 
the laws which regulate the tensile strength of wrought 
iron. We may then apply the results of these experi- 
ments to a much greater variety of plates produced in the 
different districts of England. It will be borne in mind 



General Summary of Results. 



y^ck n§ 




Breaking 
weisht 


Breaking 


Breaking ] 


Bdean break- 


Direction of 


experi- 
ment. 


Temperature, 
Fahr. 


weiglit per 


weight per 


ing weiftht 


strain in 


in lbs. 


square inch 
inlbt. 


square inch 
in tons. 


per square 
inch in lbs. 


reffard to 
fibre. 


L 


0° 


33,660 


49,009 


21-879 


49,009 


With. 


II. 


60 


31,980 


40,357 


18001 


« 


Across. 


III. 


60 


27,780 


43,406 


19-377 


44,498 


Acro88.f 


IV. 


60 


31,980 


50,219 


22*414 




With-t 


V. 


no 


29,460 


44,160 


19-714 


■ 


Across § 


VI. 


112 


28,620 


42,088 


18-789 


42,291 


With. 


VTT. 


120 


37,020 


40,625 


18*136 




With. 


VIIL 


212=* 


31,980 


39,935 


17*828 


^ 


With.§ 


IX. 


212 


30,300 


45,680 


20*392 


. 45,005 


Across. 


X. 


212 


33,660 


49,500 


22098 




With. 


XI. 


270 


28,620 


44,020 


19-651 


44,020 


With. 


XIL 


340 


31,980 


49,968 


'22 307 


1 46,018 


With. II 


XIII. 


340 


28,620 


42,088 


18-789 


Across. 


XIV. 


395 


30,720 


46,086 


20-574 


46,086 


With. 


XV. 


Scarcely red 


23,520 


38,032 


16-978 


. 34,272 


Across. 


XVL 


Dall red 


18,540 


30,513 


13,621 


Across.^ 



* We hope in a short time to give a series of experiments on the resist- 
ince of ivrought-iron plates and bars to a transverse and compressive force 
vt various temperatures. ^ Fissure containing scoria. 

f Some steely spots in fracture. || Too low, tore through the eye. 

§ Too high, fracture veiy uneven. \ Too high, see Table. 
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that the ordinary Staffordshire plates, such as those ex- 
perimented upon (unless they are double-worked), are 
rather inferior in quality to the Shropshire and Derby- 
shire plates^ and much more so to those manufactured at 
the Lowmoor and Bowling works. Hence the com- 
parison will only hold good betwee:: the Staffordshire 
plates in each case. 

From the above Table we may deduce the following:— 



Tempera- 
ture, 
Fahr. 


Drawn asunder in the direction of 
the fibre. 


Drawn asunder across the filire. 


Brealcing weight 

per square inch 

iu lbs. 


Breaking weight 

per square inch 

in tons. 


Breaking weight 

per square inch 

in lbs. 


Breaking weight 

per square tnai 

in tons. 


0° 
60 
114 
212 
270 
340 
395 
Bed 


49.009 
50,219 
41,356 
44,717 
44,020 
49,968 
46,086 


21-879 

22 -4141 

18-462 

19'963§ 

19-651 

22-30711 

20-574 


41,881 
44,160 
45,680 

42,088 

34,272 


1 8-689* 
19-714t 
20*392 

18-789 

15-2995 



Froin the experimental inquiry into the strength of 
wrought-iron plates, as applied to ship-building, we have 
the following results: — ** 



♦ Some steely spots in iraetare. 

-f Fissure containing scoria. 

\ Too high, fracture very uneven. 

§ Did not break at the smallest section. 

II Too low, tore through the eye. 
^ Too high, see Table. 
♦♦ Useful Information, First Series, Appendix L 
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Mran-breakiDg Weight, 
in the direction of the 
Fibre, In toot per 
•quare inch. 


Mean brnikins Weight, 
acroft the Fibre, in 
tons per tquare inch. 


Yorkshire plates . 
Yorkshire plates . 
Derbyshire plates 
Shropshire plates 
Staffordshire plates 


26-770 
22-760 
21-680 
22-826 
19-563 


27-490 
26-037 
18-650 
22-000 
21-010 


Mean 


22-519 


23-037 



Now if we compare the ultimate strength of the Staf- 
fordshire plates in the above Table with those since 
experimented upon, we shall have^ taking those in which 
the strain was applied in the direction of the fibre, for the 
former 19*563 tons per square inch, and for a mean of 
nine experiments of the latter, ranging in temperature 
from zero to 395% 20'408 tons per square inch. Taking 
those torn asunder across the fibre, we have for Stafford- 
shire plates in the above Table 2 10 10, and for those since 
experimented on 19*254 tons* per square inch, which on 
comparison give the following ratios of results : — 

Staffordshire plates, torn in the direction of the fibre, at 
a mean temperature of 1 9 l^ss 20*408 tons, and those (in 
the above Table) at the temperature of the atmosphere, or 
about 60**= 19*563 tons, or in the ratio of 1*: '96 nearly, a 
close approximation in tensile strength in the two series 
Df experiments. 

Those torn across the fibre, at a mean temperature of 
156% gave a tensile strength =r 19-254 tons; those at the 
emperature of atmosphere 60% as shown in the previous 
xperiments=21*010 tons, or in the ratio of 1 : 1*091. 



* The mean temperature of nine specimenfl, broken in the direction of 
le fibre, is 191®; and the mean temperature of five, broken across the 
bre, exclading red heat, is 156®. 



o 
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qualities, might have been selected; but those most in 
demand, and which are manufactured in large quantities, 
were considered more desirable, although it left untouched 
a question of some importance in regard to the influence 
of heat upon the finer qualities, generally known as 
** scrap ^ and ^^fagotted^ iron. This description of iron is 
forged from old iron scrap, and rolled into bars for bolts 
and rivets. It is a fine ductile iron of great tenacity, and 
works freely under the hammer ; and it was determined 
to apply to it the same experimental tests as had been 
applied to the Staffordshire plates. 

From the results of these experiments, it will be seen 
that they indicate precisely the same law as was found to 
influence the Staflbrdshire plates, the maximum strength 
being at a temperature of 325% rather higher than that 
indicated by the plates. This is irrespective of the supe- 
rior strength of the bar iron as compared with that of the 
plates. 

Having prepared the lever, as before, a long bar, ^ths 
of an inch in diameter, was selected and cut into lengths, 
^hich were then reduced to the form shown in the 

Fig. 26. 




annexed sketch, with shoulders to receive the shackle. 
^he specimens, when immersed in the bath, were drawn 
Sunder by the same process as that described for the 
I^Iates. 



X 2 
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Experiments to ascertain the Iiifluence of Temperature 
on the Tensile Strength of Rivet Iron. 

Table XVIL — Area of 8ection=-2485 sq. ins. 



Tempe- 


No. of 


Strain 


Elonga- 


Breaking Weight 




rature, 


Experi- 


applied 


tion in 


per square inch 
in lbs. 


Remarks. 


Falir. 


ment!. 


inlbf. 


inclie*. 




-30° 


1 


9,205 






Broken in a mixtnre of 




2 


9,415 






ponnded ice and crys- 




3 


11,648 






tallised chloride of 
calciam. 




4 


10,045 






Figures of some of the 






« * • • 






fractnred specimens 




58 


15,610 






will be foand in PL IIL 
fig. 1, nnmbered to 
correspond with the 
tables. 




59 


15,715 


•80 


63,239 


=28-231 tons. 



From the above it will be observed that the strength of 
the best quality of bar iron greatly exceeds that of the 
plates, being in this experiment two-fifths more, and in 
some experiments, at higher temperatures, nearly double 
that of the Staffordshire plates. 

Table XVIII. — Sectional area= -2485 sq. ins. 



Tempe- 
rature, 
Fahr. 


No. of 
Experi- 
ments. 


Strain 

applied 

in lbs. 


Elonga- 
tion in 
inches. 


Breaking Weight 
per square inch 
in lbs. 


Remaiki. 


+ 60° 


1 
2 
3 
4 

16 
17 


12,565 
13,405 
13,812 

14,035 

* « * * 

15,295 
15,400 


•82 


61,971 


A large bright spot, lib 
steel, in fracture. 

»27*665 tons. 



"^ere is a slight diminution in the strength of this btf 
"od with the previous experiment at— 30^ W 
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e discrepancy is scarcely appreciable^ and may easily be 
counted for by inequalities in the forging or rolling of 
s bar. 

Table XIX. — Sectional areas '2485 sq. ins. 



tmpe- 
ture, 
ahr. 


Naof 
Experi- 
ment*. 


Strain 

applied 

in Ibc. 


Elonga- 
tion in 
inches. 


Breaking Weight 
per tquare Inch 
In lb*. 


Remarks. 


60<' 


1 


9,415 










2 
3 


10,255 
12,565 






Drew out at ihooldcr. 




4 


12,985 
♦ • • * 










30 


15.715 










31 


15,820 


•56 


63,661 


-28-419 tons. 



The strength of the bar in this experiment is a trifle in 
:ce8s of those fractured at— 30** and 60**. It would have 
ten rather stronger had it been rounded at the shoulder 
ze the others to prevent its pulling out there^ as shown in 
e figure. However, there is little difference in the strength 
' the material through a range of 90** of temperature. 



Table XX — Sectional area = '2485 sq. ins. 



empe- 

iture, 

i'ahr. 


No. of 
Expert 
ments. 


strain 

applied 

in lbs. 


Elonga- 
tion in 
inclies. 


Breaking Weight 

per square inch 

in lbs. 


Remarks. 


.14° 


1 
2 
3 

4 

41 
42 


10,885 
12,565 
13,405 

13,615 

♦ ♦ ♦ ♦ 

17,500 
17,605 


•56 


70,845 


Pulled out at shoulder. 
After between 18,000 
and 14,000 lbs. bad 
been laid on, only 
105 lbs. were added 
at a time, as it gave 
more correct indica- 
tions of the strength 
as the bars approached 
fracture. 

s 31*627 tons. 



Z 3 
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It has already been observed that the whole of the 
specimens for experiment were cut from one bar, and as 
each experiment was conducted with great care, both in 
preparing the specimens and laying on the weights, we 
are bound by the results to believe that the increased 
strength of this description of iron is due entirely to the 
increase of temperature. In this experiment it will be 
seen that the resisting power of the bar ruptured at 1 14** 
was to that of the bar ruptured at 60** (Table XIX.) as 
1 : -898. 



Table XXL — Sectional area=*2485 sq. ins. 



Tempe- 
rature, 
Falir. 


No. of 
Experi- 
ments. 


Strain 

applied 

in lbs. 


Blon Ra- 
tion in 
inches. 


Breaking Weight 

per square inch 

ill lbs. 


Remarks. 


212° 


1 
2 
3 
4 
5 

76 

I 
2 
3 

4 

56 


12,565 
12,985 
13,405 
13,825 

14,245 

« « * * 

21,805 

12,565 
12,985 
13,405 

13,825 

Hf * * * 

19,285 


•64 




At this point it was disco- 
vered that the bar was 
cutting into the shackle; 
the experiment was 
therefore discontinued 
till a new shackle could 
be prepared, and it was 
then repeated. 


Mean . . 


20,545 




82,676 


= 36*900 tons. 



This bar tore into the shackle, so that the strain was 
not thrown properly on it ; the experiment was therefore 
discontinued, and another shackle substituted with tbe 
bearing-edges steeled. When the same bar was tried 
^WDj having been injured in the previous experimenti it 



TEKSILE STRENGTH OF KIYET IBOX. 



119 



broke with 1 9^851 bs. Under these circumstances^ we have 

X 1 xi, r .k * • * 21,805 + 19,285 
taken the mean of the two experiments, — — - — 

= 20,545 as the breaking weight, as recorded in the 
Table. 

Table XXIL — Sectional area ='19635 sq. ins. 



Tempe- 
rature, 
Fahr. 


No. of 
Experi- 
ments. 


Strain 

applied 

inlbfl. 


Elonga- 
tion in 
inches. 


Breaking Weight 

per square inch 

in lbs. 


Remarlis. 


212° 


1 
2 
3 

4 
5 
6 


12,565 
13,405 
14,245 
14,850 
14,455 
14,560 


•47 


74.153 


Bar defectiye : a large 
longitudinal fissure, 
filled with scoria. 

»33104 tons. 



There is a progressive increase in the strength of the 
bars as the temperature ascends. Table XX. exhibiting an 
increase of 11,831 lbs., and Table XXIL an increase of 
3308 lbs. over the breaking weight at 1 14^ Taking the 
mean of the two last experiments, we have an increase of 
7569 lbs. over the breaking weight in Experiment XX. 

Table XXIII. — Sectional area=*2485 sq. ins. 



Tempe- 
rature, 
Fahr. 


No. ol 
Experi- 
ments. 


Strain 

applied 

in lbs. 


Elonga- 
tion lu 
inches. 


Breaking Weight 
j>er square inch 
in lbs. 


Remarks. 

1 


# 


212<^ 

• 


1 
2 
3 
4 

39 
40 


14,245 
15,925 
16.135 

16.345 

« * * * 

20,020 
20,125 


•66 


80,9S5 


= 36*154 tons. 





This experiment being at the same temperature as 
two last^ viz. 212% it will be proper to take the mei 

I 4 
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the last three Tables as the breaking weight at that tem- 

82,676 + 74,153 + 80,985 ^^^^^m. 
perature, ' o — -^ — --— = 7 9,27 1 lbs. per square 

o 

inch = ultimate breaking weight at 212^ 

Table XXIV.-— Sectional area= -19635 sq. ins. 



Tempe- 
rature, 
Fahr. 


No. of 
Experi- 
ments. 


Strain 

applied 

fn lbs. 


Elonga- 
tion in 
inclies. 


Breaking Weight 

per square inch 

in lbs. 


Remarks. 


250° 


1 
2 
3 

43 
44 


10,045 
10,885 

11,725 

« ♦ « • 

15,925 
16,135 


•6 


82,174 


s36'684 tons. 



Here again, in the above experiment, is a perceptible 
increase of strength, as the temperature rises 38^ from 
79,271 to 82,174 lbs. per square inch, and so in the next 
Table, where the increase is still greater. 

Table XXV. — Sectional area='2485 sq. ins. 



Tempe- 


No. of 


Strain 


Elonga- 
tion in 


Breaking Weight 






rature, 


Experi- 


applied 


per square inch 


Remarks. 




Fahr. 


ments. 


in lbs. 


inches. 


in lbs. 






270° 


1 
2 
3 

4 
5 
6 

7 

47 


12,.565 
13.405 
14,245 
15,085 
15,400 
15,925 
16,345 

20,545 








• 




48 


20,650 


•74 


86,056 


=38-417 tons. 





The increase of 20® of temperature in this experiment, 
gives a corresponding increase of strength of 3882 IbSi 
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per square incb^ something more than the increase exhi- 
bited in the previoos experiment. There is^ however, a 
remarkable coincidence in the ratio of the strengths as 
they rise with the increase of temperature, the only excep- 
tions being those of Tables XYII. and XXII., but in both 
cases the anomaly is sufficiently explained by the state of 
the fracture. 

Table XXVI. — Sectional area=*19635 sq. ins. 



Breaking Weight 

per square inch 

in lb*. 



Tempe- 


No. of 


Strain 


Elonga> 


rature, 


Experi- 


ap|)lied 


tion in 


Fahr. 


ments. 


in lbs. 


inches. 


310<^ 


I 


12,565 






2 


14,245 






3 


15,085 






4 


15,295 






5 


15,715 






6 


15,820 


•63 



80,570 = 




In this experiment it will be observed that there is a 
falling off in tenacity with the increase of temperature 
from 86,056 to 80,570 lbs. per square inch. It is difficult 
to account for this discrepancy, as the fracture in this, 
as in the previous and succeeding experiments, appeared 
sound and free from flaws of any description. 



Table XXVII. — Sectional areas *19635 sq. ins. 



• 

Tempera- 
ture, 
Fahr. 


No. of 
Experi- 
ments. 


Strain 
applied 
in lbs. 


Elongation 
In inches. 


Brealiing Weight 

per square inch 

in lbs. 


Remarks. 


325° 


1 
2 
3 

53 
54 


10.045 

10,885 

11,725 
**** 

17,080 
17,185 


•6- 


87,522 


« 39 -072 tons. 
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The above bar, although of the same quality and 
appearance as that in the previous experiment, gives no 
lees than 6952 lbs., upwards of three tons, greater tenacity 
than its predecessor. The former appeared equally tough 
and fibrous in the fracture, and the elongation in the same 
distance was rather more than in the latter, and yet it is 
about one-twelfth weaker. 

Table XXVIIL — Sectional urea =-2485 sq. ins. 



tore, 
TJkr. 


yaof 

Expert. 


Strain 


BkMgmthw 
in inclM*. 


Branking Weight 
per square indi 
in Iba. 


Remarki. 


415® 


1 

2 
3 
4 
5 

38 
39 


12,5^5 

14,245 

15,085 

15,925 

16,765 
• «•« 

20,230 
20,335 


•64 


81,830 


-36,531 tons. 



In thid experiment there is a decrease in the strength 
with an increase of temperature of 90% but in the next 
experiment, with a further increase of 20% the strength 
again rises from 81,830 to 86,056, or nearly two tons, 
which shows th«at the increase of 100** of temperature has 
not seriously affected the molecular constitution of the 
iron. This irregularity, after so constant an increase of 
strength, indicates that we have about reached the maxi- 
mum strength of the materiaL We shall see hereafter 
that the increase of strength from — 30° to 325° has been 
four-tenths, nearly one- half. 



TENSILE STRENGTH OF BIYET IRON. 



123 



Table XXIX. — Sectional area=*2485 sq. ins. 



Teinp6ra« 
ture, 
Fahr. 


No. of 
Kxperi- 
menu. 


Strain 

applied 

inlbi. 


Elongation 
in inches. 


Breaking Weiffhi 

per square inch 

in lbs. 


Remarks. 


435° 


1 
2 
3 
4 
5 
6 
7 

65 
66 


12,565 

13,405 

13,812 

14,035 

14,245 

14,665 

15.085 
•*♦• 

21,280 
21,385 


•74 


86,056 


= 38-415 tons. 



The difference between this and the last experiment is 
about one-eighteenth part of the former in favour of the 
latter. This diflTerence we cannot account for by an exa- 
mination of the fractures ; but taking the mean of the 
two, and comparing it with Table XXVIL, it appears 
that we have passed the maximum strength, and recede 
from it in the ratio of 87,522 : 83,943, or as 1 : 959. 



Table XXX. — Sectional area ='2485 sq. ins. 

Temperature raised to red heat, visible by daylight. 
Broke with the weight of the lever =8965 lbs. 
Elongation = '55. 

Breaking weight per square inch =36,076 lbs. = 16*105 
tons. 

In this experiment, as in those on the plates, the 
tenacity of the iron is seriously injured before the tem- 
perature reaches dull red heat ; and when that point is 
attained, it has lost more than one-half its powers 
resistance to strain. At this high temperature it beco 
3xceedingly ductile and weak when subjected to 
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deacription of force, inasmuch aa it becomes so pliable 
tbat it ia immaterial wbether tbe atraia applied is com- 
presaive, tensile, or torsional. Under any of these forces 
it is not to be depended upon at a temperature bordering 
upon redness. 

Collecting the results of the foregoing experiments in 
their consecutive order into a Table, we see that the 
maximum strength of bars appears to be attained at a 
mean temperature of about 320'. This ia above the 
temperature at which the maximum strength of the plates 
was attained ; but it is to be remembered, that little 
change ia observable in the strength of the plates, whilst 
that of the bars is increased nearly one-half. 

This fact is worthy of notice, inasmuch as in countries 
where the climate is hot and never deacends below freez- 
ing, the best bar iron will retain a power of resistance 
equal to 29 tona upon the square inch, whereas in colder 
and more northerly districts it would not be safe to calcu- 
late upon more than 28 tons to the square itich. 

General Summary of Remtlts. 



In the above Table we perceive a steady improvemeiit 
n the strengtli of the iron from 60° up to 325% where tbt 
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tu&zimum appears to be attained. Ab already nolic^, 
4118 improTemeDt doea not preacDt itself in the inferior 
descriptions of irons, such as the plates tested tn the pre- 
ceding experiments. This may arise from the different 
processes pursued in the manufacture, the bars being ren- 
dered fibrous and ductile, in the first instance, under the 
hammerj and this is further improved by reheating them 
and passing them between the rolls. Bar iron will thus 
be drawn by the hammer and rolls to from twenty to 
twenty-five times its original length ; whibt plates, such as 
we have selected, never come under the hammer, and seldom 
• exceed six or eight times the length of the original 
shingle after passing through the rolls. 

On comparing these results with those of a similar 
quality of iron, viz. S.C. ^ bnr iron, experimented upon 
at Woolwich Dockyard, it will be found that a correg- 
ponding and progressive increase of strength is equally 
apparent as in the above experiments ; that increase, 
however, arising from a diiferent cause, onniely, the re- 
pented fracture of the bars as exhibited in the following 
Table: — 
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From the above it will be seen that the mean strength 
of the bars was 24 tons^ whilst that of the rivet iron ww 
28 tons per square inch, at a temperature of 60^, and that 
the former attdned its maximum strength of 29 tons from 
repeated breakages, whilst the latter reached a strength of 
37 tons by an increase of temperature up to SI?**. These 
are curious and interesting facts, exhibiting a parallel in- 
crease of strength, in the one case resulting from repeated 
strains, in the other from increase of temperature. 

The foregoing Table indicates a progressive increase of | 
strength, notwithstanding the reduced sectional area of the 
bars. This fact is of considerable importance, as it shows 
that a severe tensile strain is not injurious to the bearing 
powers of wrought iron, even when repeated to the 
extent of four times. In practice, it may not be prudent 
to test bars and chains to their utmost limit of resistance ; 
it IS however satisfactory to know, that in cases of emer- 
gency those limits may be approached without incurring 
a serious risk of injury to the ultimate strength of the 
material. 

It is further important to observe, that the elongations 
are not in proportion to the forces of extension ; thus in 
the bar F, the elongation of a bar, 54 inches long with 
33*25 tons, is 10*5 inches, giving an elongation per unit 

of weight and length = =:*0058, whereas an 

^ ^ 33-25x54 ' 

additional weight of 2*25 tons produces an elongation of 

1*25 inches in 36 inches of length of bar, giving an elonga- 

1*25 
tion per unit of length and weight =-^^ — = -0154; 

that is, the elongation in this case is about three times that 
in the former. 

From the experiments on rivet iron we have a mean 
elongation, in fourteen experiments, of '643 inches in 2\ 



TENSILE STRENGTH OF BITET IRON. 



•643 



127 



inches, or— —='257 per unit of length; and in those on 

the S.C. ^ bars^ we have a mean elongation of *274^ as 
given in the following Table : — 



Length of Bar. 


Elongation. 


Elongation per Unit 
of Length. 


in. 








120 


260 


•216 




42 


9-8 


•233 




36 


8*8 


•244 




24 


6 2 


-258 




10 


4-2 


•420 





Hence it appears that the rate of elongation of bars of 
wrought iron increases with the decrease of their length ; 
thus while a bar of 120 inches has an elongation of *216 
inch per unit of its length, a base of 10 inches has an elonga- 
tion of '42 per unit of its length, or nearly double what it is 
in the former case. The relation between the length of the 
bar and its maximum elongation per unit, may be approxi- 
mately expressed by the following formula, viz. — 



/='18 + 



2 5 



where L represents the length of the bar, and / the 
elongation per unit of length of the bar. 

It is difficult to measure accurately the elongations in 2^ 
inches, but the following Table shows the elongation per 
unit of weight and length at various temperatures, as 
exhibited in the experiments on rivet iron. 
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Temperature, 


Elongation per ton 
per Inch. 


Mean Eloneation 

per Unit of Length 

and Weight. 


o 
-30 

+ 60 

60 

114 

212 

212 

212 

250 

270 

810 

325 

415 

435 

Red heat. 


•00284 
•00297 
•00197 
•00177 
•00173 
•00142 
•00182 
•00164 
•00192 
•00175 
•00153 
•00175 
•00192 
'00341 


•00284 

1 ^00247 

^ ^00177 

•00162 

1 
•00178 

1 ^00164 . 

1 -00183 

•00341 ] 



These results show that the elongation per unit of length 
and weight somewhat decreases upwards towards the 
temperature of maximum strength, and thence decreases, 
BO that whilst the elongation is nearly the same at all or£- 
narj temperatures, it is more than doubled at red heat 
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IV. 



ON THE COMPABATIVE VALUE OP VARIOUS KINDS OF 
STONE, AS EXHIBITED BY THEIB POWERS OP RESIST- 
ING COMPRESSION. 

(From the Memoirs of the Manchester Philosophical Society.) 

Our knowledge of the properties of stone, viewed as a 
building material, is very imperfect, and our architects 
and stonemasons have yet much to learn concerning the 
difference between one kind of stone and another, both as 
regards their chemical constitution, their durability, and 
their powers of resisting compression. On this subject we 
have the experiments of Gauthey, Rondelet, and Rennie, 
which to some extent supply the deficiency and furnish 
data for the resistance to a crushing force of a consider- 
able variety of stone. These are, however, to some 
extent inapplicable to the purposes for which such data are 
required ; and not finding them in exact accordance with 
the results of some experiments recently made, I have 
endeavoured to inquire into the causes of the discrepancy, 
and to account for the difference. 

Stone is found in various forms and conditions, em- 
bedded in and stratified under the earth's surface. That 
portion of it which is used for building purposes, is a 
lense coherent brittle substance, sometimes of a granu- 
ated, at others, of a laminated structure. These qua 
varying according to its chemical constitution and the 
1 which it has been deposited. Sometimes the lami 

K 



OF VABIOUS KIKD8 OF STONE. 



131 



strengtlis and other properties of the material on which he 
works, but also with the changes of those qualities under th^ 
varied forms of stratified, metamorphic, and igneous rocks. 

On the durability of the specimens, I have made no 
further inquiry than in regard to their power of resistance 
to strain. Any addition would require a separate investi- 
gation into the chemical constituents of the different spe- 
cimens, and into those changes to which stone of almost 
every description is subjected when exposed to the action 
of the atmosphere. In omitting this branch of the in- 
vestigation I have not forgotten its importance, but have 
very properly left its development to abler hands. 

Before giving the results of the inquiry, I may observe 
that a portion of the experiments were undertaken at the 
request of Mr. E. W. Shaw, the surveyor of the borough 
of Bradford, in Yorkshire, in order to ascertain the best 
and strongest qualities of stone for paving the streets of 
that town. The following Tables give the result of the 
experiments on fifteen specimens of Yorkshire sandstone, 
and on some specimens from Wales and other places, as 
follow : — 

Experiments to determine the force necessary to fracture^ 
and subsequently to crushj 2 -in. cubes of Sandstone from the 
Shipley quarries , Bradford. The pressure applied' in the 
direction of the cleavage. 



No. of 
Experi- 
ment. 


WelghU 
laid on 
iulbt. 


Remarkt. 


No. of 

Rxperi. 

ment. 


Weight* 
Iftidon 
m lbs. 


Remarkt. 


Specimen No. 1. 
Shipley. 


Speciinen No. 2. 
HeatoQ. 


12 
13 

■ • 
16 


31,732 
33,524 

• • ■ 
38,900 


fractured. 

• • • 
crushed. 


11 
12 

• a 

16 


31,732 
33,524 

• • • 

40,692 


fractured. 

• • • 

crushed. 
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ON THE COMPARATIVE VALUE 



No. of 

Bxperi- 

meot. 



8 

9 

10 

11 



11 
12 
13 



WelKhU 

laid on 

inllM. 



B cmM Ju. 



Specimen Na 3. 
Heaton Park. 



26.356 
28,148 
29,940 
31,732 



fractarcd. 
crushed. 



Specimen No. 9. 
Old Whatley. 



31,732 
33,524 
35,316 



No. of 

Bxperf- 

mcnt. 



fractured and 
crashed saddenly. 



WeighU 
laid on 
in Dm. 



Remarks. 



Speeimen Na 4. 



This specimen was defecdre 
and crashed as the first weight, 
28,148 lbs., was laid on. 



Specimen No. 10. 
Mfumingham Lime. 



8 
9 

• • 

14 



26,356 
28,148 

... 
37,108 



fractored. 

• . • 
crushed. 



The results of the Experiments 1, 2, 3, 9, 10, fractured 
and crushed in the line of cleavage^ are given in the fol- 
lowing Table, 



No. of 
Speci- 
men. 



1 
2 
3 
9 
10 



Locality. 



Shipley, Bradford . 
Heaton . 
Heaton Park . 
OldWhatley. 
Manningham Lane 

Mean . 



Sixe. 



2-in cube. 



»» 
»» 



Weight at which 
it fractured. 



33,524 
33,524 
29,940 
35,316 
28.148 

2,090 



Weight It which 
itcnubed. 



38.900 
40,692 
31,732 
35,316 
37,108 

36,749 
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Experiments to determine the force required to fracture^ 
and subsequently to crushy 2-tn, cubes of Sandstone from the 
Shipley and other quarries^ mar Bradford. Pressure being 
applied at right angles to the cleavage. 



Experi- 
ment. 


WeiKhts 
laid on 
in lbs. 


Remarks. 


No. of 

Expert. 

ment. 


Weights 
laid ou 
in lbs. 


fteuarks. 


Specimen No. 5. 
Idle Quarry. 


Specimen No. 6. 
Jegrum*s Lane. 


15 
16 
17 
18 


38,900 
40,692 
42,484 
43,380 


fractured, 
crushed. 


1 18 
19 

• • 

22 


44,276 
45,172 

47,860 


fractured. 

. • . 
crushed. 


• 

Specimen No. 7. 
Spinkwell. 


Specimen No. 8. 
Copp7 Quarry. 


10 
11 

* • 

14 


29,940 
31,732 

37,108 


fractured. 

... 
crushed. 


14 

• • 

16 

• • 

18 


37,108 
39,796 
41,588 


first fracture, 
second fracture, 
crushed. 


Specimen No. 1 1 failed. 



Mesults of Experiments on Specimens 5, 6, 7, 8, fractured 
and crushed at right angles to the cleavage. 



No. of 
Specimen. 


Locality. 


Sise. 


Weight at which 
it fractured. 


Weight with which 
it crushed. 


5 

6 

•7 
8 


Idle Quarry, Brad- 
ford 
Jegrum*s Lane . 
Spinkwell . 
Coppy Quarry . 


2-in. cube. 


42,484 
45,172 
31,732 
37,108 


43,380 
47,860 
37,108 
41,588 


Mean 


. • 


39,124 


42,484 
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ON THE COMPARATIVE VALUE 



By the foregoing experiments it will be observed that 
the resisting powers of stone to compression^ are greatest 
when the pressure is applied perpendicularly upon the bed 
or laminated surface, and that in the ratio of 100: 82 in 
the force required to fracture, and 100 : 86 in the force 
required to crush this description of stone. Hence, as 
already observed, the powers of resistance of every de- 
scription of laminated stone, are most effective when the 
beds are placed horizontally or perpendicularly to the 
direction of the pressure, and this position is the more im- 
portant when the stone is exposed to the atmosphere, as it 
partially prevents the absorption of moisture, which in 
winter tends to destroy the material by the contraction of the 
stone and the expansion of the water at low temperatures. 

Experiments to determine the force required to fracture 
and crush l-iw., 1^-2W., and 2-2 w. cubes of stones from Scot' 
land, Wales, and other places. 



No. of 

Experi. 

meut. 


Weight 

laid on 

Id Ibi. 


Remarks. 


No. of 

Exper- 

ment. 


Weight 

laid on 

inlbi. 


Remarks. 


Specimen No. 12. Graawacke. 

Penmaenmawr, Wales. 

2-in. cube. 


Specimen No. 14. Granite. 

Mount Sorrel. 

2-in. cube. 


16 

■ ■ 

29 
30 
31 


40,692 

63,988 
65,780 
67,572 


slight fracture, 
second fracture, 
crushed. 


19 
20 
21 
22 


46,068 
47,880 
49,652 
51,444 


fractared, and af- 
ter a slight rest 
crushed. 


Specimen No. 15. Grauwacke. 

Ingleton. 

2-iD. cube. 


Specimen No. 16. Granite. 
Aberdeen. 
2-in cube. 


18 


35,316 


first fracture. 


.8 
9 

10 
11 


26,356 
27,546 
28.148 
28,340 


fractured, 
not crashed. 




'•S60 


second fracture. 
<snuhed. 



•i 
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No. Of 

Experi- 

raent. 


Weight 
laid on 
inlbt. 


lUnarlM. 


No. of 

Bxpori- 

ment. 


Weitbt 
Uidoa 
inllM. 


RiiiTki 


Specimen No. 17. Syenite. 

Monnt SorreL 

9-in. cube. 


1 

Specimen No. 18. Granite. 

Bonaw. 

l)-in. cube. 


17 

18 
19 
20 


42,484 
44,276 
46,068 
47,284 


crushed. 


2 
3 

. . 
7 


15,604 
17,396 

24,564 


1 

1 
1 

fractured in two 
nearly equal pts.' 
crushed. 


Specimen No. 19. Furnace Granite. 

Inverary. 

1^-in. cabe. 


Specimen No. 20. Granite. 

A. 

l^in. cube. 

1 


4 
5 
6 

7 


19,188 
20,980 
22,772 
24,564 


crushed. 


4 
5 
6 

7 


19,188 
20,980 
22,772 
24,564 


fractured, 
crushed. 


Specimen No. 21. Limestone. 

K 

l|-in. cnbe. 


Specimen No. 22. Limestone. 

a 

l^-in. cube. 


1 
2 
3 
4 

1 


13,812 
15,604 
17,396 
19,188 


fractured, 
crushed. 


2 
3 

4 
5 


15,604 
17,396 
18,292 
19,188 


fractured, 
crushed. 


Specimen No. 23. MagnesianLimest. 

Anston. 

1-in. cube. 


Specimen No. 24. MagnesianLimest, 
Worksop. 
1-in. cube. 


1 
2 


1258 
2154 


fractured. 


13 
14 

38 


3,834 
3,946 

. • h . 

7,098 


fractured, 
crushed. 


10 


3050 


crushed. 


Specimen No. 25. Sandstone. 
1-in. cube. 


Specimen No. 26. Sandstone. 
2-iD. cube. 


8 
9 


2938 
3050 


fVactnred. 


11 
12 

a • 

20 


9,770 
10,218 

12,228 


fractured. 


13 


3498 


crushed. 


crushed. 
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JtetuUa of Experhnentt an atone from North Wales mi 
otherplaee: Speeimetu Noa. 12, \4, 17, IS. 19,20,21, 
22, 23, 24. 25, and 26. 



The Welsh specimen of grauwacke, from Penmaen- 
mawr, exhibits great powers of re^staoce, nearly double 
that of Bome of the Yorkehire sandstones, and about one- 
third in excess of the granites, excepting only the granite 
from Mount Sorrel, which is to the Welsh grauwacke, as 
*767 : I. Some others, such as the Ingleton grauwacke, 
supported more than the granites, but are deficient when 
com(mred with that from Fenmaenmawr. The specimen 
Ko. 23 is the atone of which the Houses of Parliament 
are bnilt. Sjiecimens Noa. 26 and 26 were broken to 
show cxperiraen tally the ratio of the powers of resistance 
as the size ia changed. The reaulta are sufficiently uearto 
prove that the crushing weights are as the areas of the 
Burfticc subjected to pressure. 

Tbo specific gravity and porosity of the different kinds 
of rock vary greatly, and Mr. Shaw, in his desire to 
obtain the beat quality of Yorkshire paving stone, had 
those from tlie neighbourhood of Bradford carefully tested 
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n regard to their powers of absorption ; the experiments, 
nrhich were conducted with great precision, gave the 
following results. 



Experiments to ascertain the amount of Water absorbed by 

various kinds of Stone. 











Weight 




Propor. 


No. of 


Description 
of Stone. 




Weight 


after im- 


Diflfer- 


tion 


Speci- 


Locality. 


before im- 


mersion 


ence of 


absorbed. 


men. 




mersion. 


for 


Weight. 


one part 










48 hours. 




in 








lbs. 


lbs. 


lbs. 




1 


Sandstone . 


Shipley .... 


6-4687 


5*5546 


•0859 


63*6 


2 


9} 


Heaton .... 


5-257JJ 


5-3632 


•1054 


49-8 


3 


tt 


Heaton Park . . 


5-1718 


5-2896 


•1171 


441 


4 


t* 


Spinkwell . . * 
fale Quarry . 
Jegrum's Lane . 
Spinkwell . . . 


5*2968 


5-4726 


•1758 


30-1 


5 


tf 


5-7178 


6-82(.3 


•1016 


56-3 


6 


H 


5*5976 


5-7187 


•1211 


46-2 


7 


II 


5-6757 


5-7851 


•1094 


53-8 


8 


(1 


Coppy Quarry . 
Old Whatley . . 


5-5703 
5'4726 


5-6914 
5-6132 


M2I1 
•1406 


46^0 
3H-9 


10 


•> 


Manningtiain Lane . 


5-4882 


5-6093 


•1211 


46-3 


U 


• 1 


•» *• 


5-6289 


5-7539 


•1250 


450 


12 


Grauwacke . 


Wales .... 


6-4101 


6-4140 


•0039 


164l^0 


13 


Granite . . 


Mount Sorrel 


6-6875 


5-6992 


•0117 


485-0 


14 


>• 


«• *i ■ ' 


5-8007 


5-8124 


•0117 


4'<50 


15 


Grauwacke . 


Ingleton 


5-7500 


5-7539 


•0039 


1962-6 



From the above Table it will be observed that specimen 
No. 15, the Ingleton grauwacke, is the least absorbent, 
and No. 12, the Welsh grauwacke, absorbs almost as 
little, while Nos. 9 and 14 of the sandstones absorb most. 
The granites, though closely granulated, take up much 
more water than the grauwackes, but less than the sand- 
stones. The resistance of the grauwacke specimens to 
the admission of water is four times that of the granite, 
and thirty-six times that of sandstone, such as is found in 
the Yorkshire quarries. 



OK IHB COMPABATITE TALUX 



On comparing the reaulte of the experiments on the 
Yorkshire sandstones, it will be seen that the differenceof 
resistance to pressure does not arise bo mach from ths 
variable character of the stone in different qnarriea, u 
from the position in which it is placed as regards ib 
laminated surface, the difference being as 10 : 8 in favoiu 
of the stoDo being crushed upon its bed to the same when 
crushed in the line of cleavage ; the same may^ be said <^ 
the limestones. 

Comparing the strengtlis indicated with those obtuiHl 
by other experiments, I find a very close fl4>proximatioD >■ 
the granites, but considerable difference in the Yorluto 
sandstones. Mr. Hcnnie obtained his specimeoB frtni tht 

* Preuore applied in the direction of the cleavage. 

t Prauuie applied perpendicuUrlj on the bed of the itoae; 
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bame district^ the valley of the Aire ; but the force re- 
quired to crush the Bromley Fall stone was much less 
than that required to fracture similar specimens from the 
Shipley quarries. The following Table gives some useful 
results for comparison. 





Crushing Force 




DeicriptioD of Material. 


in lb». per 


Autlioritj. 




square inch. 




Porphyry . . • . 


40,416 


Gaathey. 


Granite, Aberdeen . 


11,209 


Rennie. 


,, mean of 8 varieties . 


11,564 


Kxperiments 14, 18, 19. 


Sandstone, Yorkshire 


6,127 


Rennie. 


„ mean of 9 yarieties 


9,824 


Experiments 1 to 9. 


Brick, hard .... 


1,888 


Rennie. 


,, red • • • -• 


805 


Rennie. 



From the above it is evident that there is a considerable 
difference between the results of Mr. Kennie's experi- 
ments and those in the preceding Tables in the case of 
the sandstones. This may, perhaps^ be due to the different 
methods pursued in the experiments^ or from taking the 
first appearance of fracture as the ultimate power of resist- 
ance. Whereas^ there is in some cases a difference of nearly 
a third between the weight required to produce the first 
cracky and that required subsequently to crush the specimen. 
This is tiie more remarkable as all the specimens did not 
appear to follow the same law^ as in some the weight which 
firactured the specimen by a continuation of the process 
ultimately crushed it. Experiments of this kind require 
dose observation, and the reason just given may probably 
account for the difference between Mr. Bennie's and my 
own results. 

All information respecting the strength of materials 
must be derived from direct experiment, which is always 
the safest and best guide ; and fully aware of the import- 
ance of this fact, I have deemed it expedient to append 
the following list of the l)earing powers of some othe* 
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materials employed in buildings and to which reference 
may be made in any case where the load is excessive, or 
where material is subjected to severe strain. 

The necessity of these experiments was the more 
apparent some years since, in the construction of the 
Britannia and Conway tubular bridges, when fears were 
entertained of the security of the masonry to support, 
upon the given area, the immense weight of the tubes, 
upwards of 1500 tons, resting on one side of the tower. 
To ascertain how far the material (Anglesea limestone) 
was calculated to sustain this load, the following experi- 
ments were instituted by Mr. Latimer Clarke. 

" Results of experiments made with actual weight on the 
materials used in the Britannia bridge^ January y 1848. 



Bbickwobk. 



Ibi. per K|iuK 
inch. 



No. 1. — 9-in. cube of cemented brickwork 

(No well and Co ), No. 1 (or best quality) I 

weighing 54 lbs., set between deal 
boards. Crushed with 19 tons 18 cwt. 
2 qrs. 22 lbs =551*3 

No. 2. — 9-in. cube of brickwork, No. 1 weigh- 
ing 53 lbs., set in cement. Crushed 
with 22 tons 3 cwt. qr. 17 lbs. . . ss612'7 

No. 3. — 9in. cube of brickwork. No. 3 weigh- 
ing 52 lbs., set in cement. Crushed 
with 16 tons 8 cwt. 2 qrs. 8 lbs. . . = 454*3 

No. 4. — 9:J-in. brickwork, No. 4 weighing 55^ 
lbs., set in cement. Crushed with 21 
tons 14 cwt. 1 qr. 17 lbs. . . . =568*5 

No. 5. — 9-in. brickwork. No. 4 weighing 54J 
lbs., set between boards. Crushed with 
15 tons 2 cwt. qr. 12 lbs. • . =417'0 

Mean .... 52H 



OF VABIOUS KINDS OP STONE. 141 

Note. — The last three cubes of common brick con- 
tinned to support the weighty although cracked in all 
directions ; they fell to pieces when the load was removed. 
Ail the brickwork began to show irregular cracks a con- 
riderable time before it gave way. 

The average weight supported by these bricks was 33*5 
tons per square foot^ equal to a column 583*69 feet high^ 
of such brickwork. 

Sandstone. 

Ibi. per square 
inch. 

No. 6. — 3-in. cube red sandstone, weighing 1 lb. 
14|^ oz., set between boards (made quite 
dry by being kept in an inhabited 
room). Crushed with 8 tons 4 cwt. qr. 
19 lbs =2043-0 

No. 7. — 3-in. cube sandstone, weighing 1 lb. 14 
ozs., set in cement (moderately damp). 
Crushed with 5 tons 3 cwt. 1 qr. 1 lb. . =1285*0 

No. 8. — 3-in. sandstone, weighing 1 lb. 15 J ozs., 
set in cement (made very wet). Crushed 
with 4 tons 7 cwt. qr. 21 lbs. . . = 1085*0 

No. 9. — 6-in. cube sandstone, weighing 18 lbs., 
set in cement. Crushed with 63 tons 
1 cwt. 2 qrs. 6 lbs =3924*8 

No. 10. — 9i-in. cube sandstone, weighing 68^ 
lbs., set in cement (77^ tons were placed 
upon this without effect, = 2042 lbs. 
per square inch, which was as much as 
the machine would carry). 

McMi 2185-0 



All the sandstones gave way suddenly ^ and without any 
previous cracking or warning. The 3-in. cubes appeared 
of ordinary description; the 6-in. was fine grained, and 
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All the limestones formed perpendicular cracks and 
splinters a long time before they crushed. 

Weight of the material from above s 165 lbs. 5 ozs. 
per cubic foot, or 13} feet per ton. 

The weight required to crush this limestone is 471*15 
tons per square foot> equal to a column 6433 feet high of 
such materiaL 

Previously to the experiments just recorded, it was 
deemed advisable not to trust to the resisting powers of 
the material of which the towers of either bridge were 
composed; and, to make security doubly sure, it was 
ultimately arranged to rest the tubes upon horizontal and 
transverse beams of great strength, and by increasing the 
area subject to compression, the splitting or crushing of 
the masonry might be prevented. This was done with 
great care, and the result is the present stability of those 
important structures. 

In conclusion, the following general summary of results, 
obtained from various materials, show's their respective 
powers of resistance to forces tending to crush them. 

GENERAL SUMMARY OF RESULTS ON COMPRESSION. 

Crushing force 
Description of Material. in lot. Atttboritj. 

per square inch. 

rCast Steel ....... 

Blister steel 

Cast iron (white, derived from "I oi a o i c \ F»lrt»'ni»s Experiments 

14 meltings) J-«i4,816 on the Mechanical Pro- 

■r\-A.^ y* -_*« ».• V "^ •.««•.<>. • perties of Metals.— Trans- 
Ditto (from 12 meltmgs) . . 163,744 

Ditto (from ordinary castings) 89,600^ 



Lron 

and 

Steel 



actions of the British 
Association, 1854. 



Stone 



Torphyry 40,416 Gauthey. 

Grauwacke, Penmaenmawr . 16,893 Exprmts. No. 12. 

Granite, mean of 3 . . . . 11,565 Do. Nos. 14, 18, 19. 

Sandstone, Yorkshire ... 6,127 Rennie. 

Ditto, mean of 9 exprmts. . 9,824 Exprmts. 1 to 10. 

Ditto, Rnncom 2,185 Clark. 

Limestone 8,525 Exprmts. 21, 22. 

-Ditto, Anglesea 7,579 Clark. 
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Stone 



Timber. 



Description of MateriaL 

'Ditto, Magnesian — ^mean 
Brick, hard .... 
Ditto, red 

^ Ditto, mean of 4 exprmfas. 

HBox 

English Oak (dried) 
Ash (ditto) 

Flumtree (ditto) 
Beech ..... 
Bed Deal .... 
Cedar .... 
Yellow Pine . . . 



Crushing force 

in lbs. Authority, 

per square inch. 

5,074 Exprmts. 23, 24. 

1,888 Bennie. 

805 „ 

1,424 Clark. 

9,771 
9,509 
9,363 
8,241 
6,402 
5,748 
5,674 
5,375 



-Hodgkinson. 



The above summary gives pretty correct data for the 
guidance of the practical builder in the application of 
these materials when subjected to a simple crushing force. 
The experiments might be greatly extended to stone from 
other localities^ but the specimens are of a sufficiently 
varied character to afford the necessary information to 
those employed in the constructive arts. 
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PART 11. 



LECTURES. 



LECTURE L 

ON POPULAR EDUCATION. 

The object I have in view in this address is to direct 
your attention to certain principles which I hold to be 
true, and which I consider essential to the development of 
the human mind^ the formation of character, and the right 
exercise of our duties to society. In the investigation of the 
all-important question of education^ I hope you will give me 
your attention whilst I endeavour to lay before you such 
facts as seem to elucidate a subject on which no two men 
appear to be agreed, and which has occupied the attention 
of the statesman and philanthropist from the earliest period 
of our history down to the present time. Notwithstanding 
the number of treatises that have been written, and the 
number of speeches that have been delivered, we are still 
far short of a sound national system of education ; and it 
appears questionable^ as society is constituted in this 
country, whether any system which may be called national 
would ever supply the wants of the diflferent classes into 
Bvhich the population of the kingdom is divided. Many 

L 
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of the difficulties which present themselves would be re- 
moved if the different denominations of religionists could 
agree upon a sound system of secular education, supple- 
mented by some general principles of faith to which no 
real professor of Christianity could object, and on which 
to build the great moral structure of liberty, honour, and 
independence. There cannot exist a doubt that the safety 
and well being, and even the very existence of the state, 
depends on the education of the people ; and our intel- 
lectual enjoyments are chiefly derived from the instructions 
we have received, and the examples which have been set 
before us, in early life. How essential is it, therefore, 
that these instructions should inculcate not only the lead- 
ing truths of natural science, but the great priuciples of 
morality by which our future lives are to be governed, 
and on which depends our bearing towards our families 
and society at large. 

It is not for me to demonstrate what these principles 
are ; they vary according to the system of education that 
may be practised, and the prejudices which that education 
may inculcate. Let us, however, be assured that the 
moral world is governed by the same Great Power as the 
external creation, from whose determined laws we cannot 
deviate without injury and danger to ourselves and others. 
If this be the case, the instructions we receive ought to be 
such as would teach us to know right from wrong, and how 
far, through life, our conduct accords with the principles 
under which our education has been conducted. In this 
discussion it is not my intention to speak, directly or in- 
directly, of religious instruction ; and although I hold that 
religious education is essential to the well being of societyf 
I nevertheless leave all matters of belief to the discretion 
of parents, as regards the principles upon which their 
children should or should not be educated. 

What we have to treat of on this occasion is thechono- 
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ter of training a young man should receive, whose only- 
inheritance is a sound mind and a strong constitution, in 
the various stages of his early life, and how his powers 
should be cultivated for his own happiness and the benefit 
of those with whom he has to live. Viewing the subject 
in this light, it will be necessary to divide it as follows : — 

1st. — Elementary Teaching and Physical Training. 

It has been rightly observed that a sound foundation is 
essential to a secure superstructure ; and this truism applies 
as forcibly to the development and cultivation of the 
human mind as it does to material constructions. 

What should therefore first engage our attention, from 
infancy up to five years of age, is to nurse and encourage 
the growth of the body, to strengthen the muscles, and 
thus to establish a sound foundation for the higher powers 
of intellect by ensuring to the recipient a vigorous and hardy 
constitution. During this period the mind receives impres- 
sions as a child, which in after life will influence its 
conduct as a man ; and very much will depend upon the 
mother, or those that have the care of infancy, that these 
impressions be of the right sort, and that they have a 
direct tendency to virtue, and those dispositions of charac- 
ter which influence the future fortunes of the man. In this 
early stage of what can scarcely be called tuition, but 
which nevertheless forms the nucleus of a system, it must 
be borne in mind that a healthy body is the twin sistenof 
a sound mind, and that any neglect or injury to the former 
is sure to aflect the latter, and weaken the powers we 
are anxious to cultivate. In future developments, how 
much therefore depends upon the mother, and how very 
important it is that we should have good mothers pos- 
sessing all the qualifications necessary to bring up their 
children, and prepare them for the reception of those 

x3 
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and others in llie leading walks of fiction and polite 
literature. 

Again^ we find in the female mind a degree of aptitude 
and fineness of touch in works of precision, that we almost 
look for in vain in the labours of man. The patient sub- 
mission to daily toil, the untiring energy, and minute 
accuracy of the seamstress is proverbial, and in all the 
lighter descriptions of labour, such as watchmaking, 
sewing, weaving, &c., women are found to be better 
qualified than men. In commercial transactions the same 
steadiness of action, patient endurance, critical attention 
to miuutise, is observable in women ; and the duties of the 
bureau, counter, and book-keeping are performed by 
women with a degree of exactitude in France that is 
enough to put their partners in life to the blush. All 
these duties are done by women, and they are well done, 
during a period in some cases when their husbands and 
sons are in the cafe or at the billiard-table. 

But of all other occupations, woman is seen to most ad- 
vantage in the domestic circle — in the management of her 
home and the education of her children. It is here where 
the mother becomes the instructress, the example, and the 
glory of her family ; and it is to these duties, be she rich 
or poor, that the affections of the heart should be 
moulded, and the faculties of the mind should be trained. 
This species of culture should form a part of our national 
system, and the education of the sex should never be left 
to chance, but they should be taught from early life the 
value of time in the efficient and honest discharge of 
their domestic duties. 

Much has yet to be accomplished in this direction 
before we can calculate upon raising up for the service of 
man a phalanx of good and virtuous mothers, endowed 
with all the finer feelings of their nature, united to a large 
stock of sound common sense. 

L 3 
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week, by the mistaken idea of attempting to force in at 
the extremitiea what was unable to penetrate into the 
more noble and more intellectual part of the system. It 
is fortunate for the present generation that a more merci- 
ful system of management has been introduced, and that 
the schools of the present day are much better adapted 
for the cultivation of the minds of youth than at any 
former period when measures of much greater severity 
were adopted. It will not be necessary to enlarge upon 
this division of the subject farther than to observe that 
at this tender age it is essential to the future happi- 
ness of the child, and his usefulness in after life, that he 
should be kindly treated, and that upon a system calcu- 
lated to develope his latent powers, and prepare him for a 
higher and more extended sphere of instruction. These 
are my views in regard to the early stages of train- 
ing ; and although there is a difference of opinion as to 
where and in what manner it should be given, I am 
nevertheless convinced that it sliould be received at a 
public school. 

3rd. — Education during the Period intervening between the 

Age of Ten and Fourteen. 

Assuming our views of infant education to be correct, 
we are now arrived at that stage of probationary exist- 
ence, when the boy begins to think something of himself, 
and with feelings which deepen into manly independence 
he discovers a power which he considers peculiarly his 
own, and which he is unwilling to trust in the hands of 
others. This feeling should never be suppressed, but 
carefully watched and modified in cases where it tends to 
encroach upon the rights of others. In a public school it 
generally brings its own corrective; and in this little 
republic there are those both able and willing to control 
the turbulent and self-willed intruder. To the agricu' 

l4 
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the youth of this kingdom. And here I cannot do better 
than reiterate a part of the speech of the Right Honour- 
able Sotheron Estcourt, the chairman of the Poor Law 
Boards who, in his address to the members of the Hants and 
Wilts Adult Society, speaking of the difficulty of attach- 
ing young persons to educational pursuits, he said that, 
*^ in his desire to remedy certiiin evils, he was persuaded 
that anything like an attempt to catch hold of young men 
and young women after they leave school, and by holding 
out either a pecuniary reward, or in any other manner 
attempting to persuade them to take a deeper interest in 
the subject of education than their own minds naturally 
induce them to take, will end in failure." And in con- 
firmation of the truth of these observations he further 
observes, **that it is rather too much to expect that an 
employer will consent to keep a boy at school when he 
ought to be at work ; and, indeed, even in that case he 
doubted whether such a plan would be successful. He 
could give an instance in which it was not. Some years 
ago he was very desirous of doing something of the kind 
in his own parish, and engaged two boys to do a certain 
amount of work ; but he made an engagement with them 
that he would not pay them unless the boy who was not 
employed in labour attended the school. He, however, 
totally failed, for the boys preferred labour to school, and 
both of them left his employment as soon as they could 
find others to give it them. He attempted to interfere 
artificially with their natural desire, and deservedly 
failed." Nothing can be more true than the above obser- 
vations ; and the question is, how to deal with this innate 
preference for labour so as to make it productive of good 
to the individual and beneficial to the community. In the 
solution of this question I hope to show that much may 
be accomplished in the next division of my subject, v* 
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4th. — Adult Education from the Age of Fourteen to 

Twenty. 

This stage of intellectual culture is probably the most 
important in the whole scale of mental progress. At this 
time the wild passions of youth have to be controlled and 
brought within the bounds of moderation, and at this 
period scholastic instruction ends, and self-culture begins. 
This is a period of vital moment to youth, when a life of 
labour should be relieved by study, having for its object 
the acquisition of knowledge based on professional pur- 
suits, and calculated to enlarge the faculties of the mind. It 
is astonishing how much a young man may gain in this way 
without the guidance or assistance of any teacher what- 
ever. I will give you an instance from my own ex- 
perience. I had to teach myself, and that without the Jud 
of either tutors or mechanics' institutes, by a course of 
reading and practical mathematics, which I pursued from 
sixteen to twenty-four with unrelaxed avidity after the 
labours of the day were over, and which not unfrequently 
encroached u[)on the hours of sleep. I subjected myself to 
this syi?tcm of self-teaching for five days in the week, 
devoting the remainder to pleasure and amusement; and 
now at this advanced period of life I find myself nothing 
the worse, but all the better for it. I will not trouble you 
with further examples, but proceed to state what course 
I consider necessary to be pursued in aiding the progress 
of a youth in mental culture during this early period of his 
career. We ought, in my opinion, to afford a knowledge 
of natural science in connection with labour and the profes- 
sional pursuits in which those we teach are engaged. A 
youth may be a mechanic, an artisan, or an agricultural 
'^rer, or he may be a soldier or a sailor ; it is all the 
tover his professional pursuits may be, they in- 
'^ and these cannot be properly executed 
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without a knowledge of the laws upon which they are 
founded. To become an expert workman in any handi- 
craft employment is not entirely the work of the hand ; 
on the contrary, the head is the director of every move- 
ment, and to effect these skilfully he must possess a know- 
ledge of the laws which the Almighty has so intelligibly 
and so beautifully written upon the page of nature. A 
labourer in the field cannot cut a drain or turn up the soil 
by the spade or the plough without having some percep- 
tion of the objects of his toil. An artisan cannot weave a 
piece of cloth, nor a mechanic execute a piece of ma- 
chinery, without some consideration of the principles on 
which these operations are conducted, or what I call the 
physical truths of construction, applicable in every case as 
fixed laws to the operations of man. Nor can a soldier or 
sailor, in the defence of his country, adequately exercise 
the functions of his profession without some perception of 
the great laws by which the arts of attack and defence 
are governed. It is in the knowledge of these physical 
truths that we shall exercise our varied pursuits with most 
benefit to ourselves and most advantage to the community; 
and these should therefore form a part of every man and 
every woman's education. Yet in recommending the study 
of natural laws bearing upon the duties of life, it is not my 
intention, nor is it my desire, to institute a nation of phi- 
losophers, but only to instruct the rising generation of 
men and women in the more efficient discharore of their 
respective duties, and more particularly with a clearer 
apprehension of the unerring laws by which every opera- 
tion of the human mind is governed, whether in the phy- 
sical or the moral world. The economy of nature should 
therefore form a part of every man's instruction ; and we 
shall best discharge our duty to the rising generation 
by imparting to our successors that knowledge v' 
leads to nature and to nature's laws. 
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18 only under a free government, where the necessary facili- 
ties for progress are at hand, that such men can flourish. 
We may rest assured that such a position has not been 
attained merely by aspiration; on the contrary, nothing 
valuable is obtained without exertion, and to ensure success 
there is nothing for it but indomitable and never-relaxed 
perseverance. If you accompany such men as Ferguson, 
Franklin, Watt, or Stephenson, in their intellectual pro- 
gress, you will be at no loss to discover the secret by which 
they attained to greatness. They also had to contend with 
difliculties in early life, but a laudable ambition and an 
untiring perseverance overcame every obstacle, and their 
victories over their early impediments were the harbingers 
of their ultimate triumphs. 

To rise in the world three qualifications are necessary : 
truthfulness, a sound judgment, and persevering industry. 

I am of opinion that no man can permanently advance 
himself without strict honesty of purpose and adherence to 
the principles of truth ; then in the exercise of our pro- 
fessional, as well as of our domestic duties, a clear percep- 
tion and a sound judgment are necessary to guide us in the 
right direction; and, lastly, an unwearied perseverance, 
superadded to these qualifications, seldom fails to ensure 
to its possessor certain success. 

Some may think they have no chance, that no opportu- 
nity of distinguishing themselves offers itself ; but this I do 
not believe. I can more readily conceive that they have 
not sought an opportunity, nor availed themselves of it 
when fortune has thrown it in their way. It is of no 
use standing and calling upon Jupiter for help, when we 
should energetically and at once put our own shoulder to 
the wheeL To improve our condition in life we must seize 
opportunities as they occur, and to do this we must have 
prepared ourselves by the faithful and honest discha 
our ordinary duties. 
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Ill the early stages of a man's life — I am speaking now 
of a working man, who has everything to gain and notliing 
to lose — it is necessary that he should carry on his educa- 
tion along with his trade ; and I would recommend him, 
without a tutor, whom I assume he would be unable to pay 
for, to persevere in a course of instructive reading in con- 
nection with the trade he has to follow, and one calculateJ 
to make him an expert workman and a useful memlx^r 
of society. In recommending these studies, I am not one 
of those who would impose a rigid observance of duties, 
which, to be profitable, must be agreeable, but perse- 
verance for a time, until the requisite elementary know- 
ledge has been attained, will make further study attractive. 
Young peoj)le require relaxation, and he would be a hard 
preceptor indeed who would deny to them the enjoyments 
suitable to their age, as friendships and associations formed 
in early life give to later years their happiest and most at- 
tractive reminiscences; and I hope the good sense of tlie 
people of this country will always preserve them from in- 
fluences iniuiical to the innocent amusement of their leisure 
hours. The excesses of pleasurable enjoyment must, how- 
ever, be guarded against, and on every occasion made sub- 
ficrvient to the duties of life. 

Let me draw your attention to the position of a young 
man of fifteen or sixteen years of age, thrown on the 
world with no other means of subsistence than a robust 
constitution, an active mind, and the rudiments of a plain 
education, such as reading, writing, and some knowledge 
of arithmetic. Let us suppose the means of learning some 
handicraft trade within his reach, and that he thus obtains 
some small weekly wages sufficient for his maintenance. 
Tlius i)lacod, with an active mind, a stout heart, and an in- 
domitable perseverance, he begins life with many advan- 
tages; the necessities of his position will call forth energies 
unknown to him before, or to those better provided for, and 
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the pleasure of overcoming difficulties is an encouragement 
to action, and renders sensible those qualities of charac- 
ter which otherwise might have remained latent. Tliese 
are positive advantages, and many a young aspirant who 
laments his misfortunes in being thus left to his own 
resources, sees only the dark side of the present, whilst the 
future is loomincr in the distance with a flood of light. 
Is not then the prize of distinction worth contending for? 
Is it not a question for every young man in the circum- 
stances I have described to consider whether he will 
undertake the task, and not only commence, but pursue, a 
course of study calculated to win for him a more honour- 
able station in life? 

At a time when both mind and hand are under training, 
it is desirable that the self-teaching student should pursue 
his studies methodically, and not waste his time in vacil- 
lation. He must bear in mind that time is the over- 
flowing stream on which he floats to the scene of liis 
future labours. He must, as the Scotch say, " put a 
stout heart to a stay brae," and never lose sight of the 
object he wishes to attain ; he will then make provision for 
leisure hours by a course of arithmetic, geometry, and 
mathematics, and an equally useful course of chemistry 
and physics; and for general reading he could not do 
better than study some of our best authors, such as 
Addison, Hume, and Goldsmith of the last century, and 
Scott, Prescott, and Macaulay of this. In addition, he 
may enrich his mind with some of our best poets, begin- 
ning with Shakspeare, Burns, and Byron, Southey, Scott, 
and Tennyson. All these may be read with advantage, 
and interspersed with the newspapers and periodicals of 
the day, will lay the foundations of future usefulness in 
the more active scenes of life. 

Having thus carried the young aspirant over a period 
which may last from fifteen to one-and-twcnty, he then 
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institutes^ no cheap publications, no free libraries, and 
comparatively little encouragement given to education. 
In those days we had to borrow books from those who 
would lend them, and he was a happy youth indeed who 
found amongst his father's friends and acquaintances one 
who would encourage and support him in the pursuit of 
knowledge. Learning was then considered a dangerous 
thing, and many went so far as to say that education 
would be the ruin of the poor and the annoyance of the 
rich, making them discontented with their lot in life, and 
paving the way to rebellion and insurrection. Now we 
have lived to see the falsity of this doctrine, and I trust 
we may yet live to see the labouring man combine with 
his daily pursuits the blessings of a mind free from preju- 
dice, but full in the enjoyment of intellectual culture. 



K 
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* 

should make us cautious in assuming to ourselves the 
merit of original invention and improvement, when his« 
tory furnishes such unmistakeable records of the great 
antiquity of machines of similar descriptions. 

To another very ancient race, the Egyptians and 
Komans, as well as ourselves, were probably indebted for 
the discovery and application of many of the machines by 
which we cultivate the soil. The very people with whom 
we are now prosecuting a deadly feud* are the descendants 
of that race to whom we owe some of the most important 
aids in the cultivation of the soil, and judging from the 
traditionary annals of the country we may conclude that 
the inhabitants of Hindostan and Central India were 
amongst the earliest to improve the art of tillage, and to 
introduce that system of rotation, by which the soil is 
enabled to produce larger and more abundant crops. 

Like most other nations the Greeks were at first rather 
a pastoral than an agricultural people, and although Hesiod 
and succeeding writers have left records upon the subject, ' 
we are less acquainted with the progress and extent of 
agriculture in Greece than in Italy, or almost any other 
country. 

Amongst the Romans agriculture was regarded as one 
of the most important and profitable pursuits, and during 
the earlier days of the republic it engaged the attention 
of the bravest citizens and most skilful generals. And, 
no doubt, in Italy agriculture owed much of its successful 
progress to the energies developed and disciplined in the 
sterner school of war. The Romans were well acquainted 
with irrigation, manuring, ploughing, draining, and other 
more obvious processes connected with the fertilisation of 
the land and securing its products. 

* Written immediately after the revolt of the native army in our Indian 
possessions in 1858. 
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During the middle ages agriculture, no longer consi- 
dered an honourable occupation, sunk in most countries to 
the lowest possible condition. The processes of irriga- 
tion and manuring were neglected, or lost, and hence it 
is not surprising that under such a system the products 
should not be much more, according to Humboldt, than 
four times the quantity of the seed sown. 

In America, during the paternal reigns of the Incas of 
Peru, agriculture was carried on with great success by 
that ancient and intelligent people ; and until overrun by 
the Spaniards under Pizarro they maintained their cha- 
racter as a civilised community, subsisting on the products 
of the soil, which they cultivated upon principles superior 
to those known in Europe at the time, and in other re- 
spects conducive to the interests and well being of the 
people. The Peruvians were well acquainted with the 
value of guano y which, according to Prescott, was pro- 
cured from the coast, and was held in such high estima- 
tion that no person was permitted, under risk of severe 
penalties, to disturb the penguins on the islands during 
the time of breeding. Again, their system of irrigation 
was upon a magnificent scale, the water being carried 
across valleys and round the sides of mountains to an 
extent far exceeding works of a similar nature in modem 
times. All the lessons to be derived from these under- 
takings were lost upon the Spaniards, by whom the Peru- 
vians and their works were alike neglected and destroyed. 

In this country the cultivation of the soil was little 
studied as a profession, and very imperfectly practised up 
to the middle of the last century. Up to the union of 
the kingdoms of England and Scotland the crops of com 
are very small in comparison to what they are at present ; 
and wheat must have borne a small proportion to the 
inferior descriptions of grain, such as oats and rye, with 
probably some occasional patches of beans and barley. 
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Potatoes, carrots, turnips, &c., were unknown, and it is re- 
corded that during the reign of Henry VIIL, if a salad was 
wanted, messengers had to be sent to Holland and Flanders 
for it. Contrasting the mode of living in those days with 
the abundant luxuries which are now within our reach, 
and the comparison is immeasurably in favour of the times 
in which we live. 

From the commencement of the last century to the 
year 1760, agriculture gave little or no indication of pro- 
gress, and it was not till that time that a movement took 
place either in the culture of the soil or the management 
of live stock. From that period, however, may be dated 
the first step towards a system which has brought the 
greater portion of the surface of these islands into cultiva- 
tion for the sustenance of our growing and greatly in- 
creasing population. 

It is to the southern and eastern parts of Scotland, and 
to a few distinguished men of the southern part of the 
United Kingdom, that we are indebted for these early 
movements ; and it is no insignificant compliment to our 
countrymen to say that they were the great pioneers in 
the improvement of agriculture. Among the earliest and 
most distinguished of these we must not forget the name 
of Arthur Young^ the father of English farming, and one 
of the most sagacious and talented of men. As a contem- 
porary and colleague he allied himself with the eccentric 
but gifted Kobert Bakewell, the founder of the breed of 
Leicester sheep, and the yeoman- farmer and systematic 
breeder of live stock. Bakewell was the very ideal of an 
independent English farmer ; his house was his castle, and 
he used to sit under a huge chimney, clad in a brown coat, 
scarlet waistcoat, leather breeches, and top boots. There 
he sat, the model of independence, the head of his family, 
and lord of his domain. He breakfasted at eight, dined 
at one, supped at nine, and whoever was there, though a<' 
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times he entertdned princes and royal dukes, he knocked 
out the ashes of his last pipe and to bed at eleven. I 
mention these things as instancing the native vigour and 
independence of a real English farmer, and I recommend 
him to you as a model worthy of imitation. 

Our progress since the times of Bakewell has been 
rapid and steady, and has placed us in the first position 
as agriculturists among the nations of the world. A dis- 
tinguished writer on the progress of agriculture says that, 
" two years ago, a few Englishmen accepted an invitation 
of the French government to exhibit in competition with 
the picked agricultural and mechanical skill of continental 
Europe, and found themselves," as he truly observes, "by 
a long interval, firU in the arts and sciences required for 
producing meat and com in the most economical manner 
under a climate not eminently favourable, and on land 
which has lost its virgin fertility." He further observ^ 
that, " the live stock of the British Islands are distin- 
guished for three merits, — the early period at which they 
become ripe for the butcher ; the great amount of food 
they produce in return for the food they consume; and 
the large proportion of prime meat that they yield." 

The machinery and implements employed in agriculture^ 
to which it is my immediate object to direct your atten- 
tion, are thus spoken of by the same writer : — " The im- 
plements of England are distinguished for solidity of con- 
struction, simplicity of details, and economy in price, as 
well as for the rapidity and completeness with which they 
execute their work." Now in this eulogium on English 
skill, I think we are all agreed, and so far as 1 can judge 
from a careful inspection of the different implements, we 
shall have to trace our errors and defects in tillajre not to 
them, but to ignorance, indolence, or, what is too often the 
case, want of capital on the part of the farmer to ensure 
their application. 
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Three conditions appear f o me to be requisite to ensure 
complete success in the cultivation of the soil, assuming 
that the requisite capital is forthcoming to stock and work 
the farm. 

1st. A never tiring industry, and an indomitable perse- 
verance in farming pursuits. 

2iid. A practical knowledge of the chemistry of agri- 
culture as regards manures, composts, the nature of the 
soil and substrata, and the treatment to be pursued in ro* 
tations t8 secure an increased fertility. 

Lastly, the application of machinery, calculated to work 
the farm in the best manner and at the least possible cost. 

In making these statements I am probably treading on 
dangerous ground, and you will naturally question my 
authority in presuming to lecture you in this manner. It 
is true that I am not a, farmer, but I have arrived at these 
conclusions from a long experience of the benefits derived 
from the application of science and the introduction of 
machinery in other professions ; and if I have ventured on 
this occasion to step out of the way for a purpose in which 
I hope to make myself useful, I trust you will take the 
will for the deed, and bear with me while I endeavour to 
describe objects with which I am more familiar. 

The early tools of the husbandman were probably of 
the rudest and most simple description, and the first which 
would naturally suggest itself to our forefathers in the dawn 
of civilisation, would be the branch of a tree which might 
answer the part of a spade or a hoe for loosening the soil. 
After an instrument so primitive and simple would follow 
an attempt at the plough, formed of the crooked branch 
of a tree, as in the annexed sketch, and drawn by men or 
oxen through the soil. In fact, some ploughs employed at 
the present day, in some remote districts of the continent 
of Europe, are of the same primitive description, simply 
consisting of a block of wood as a handle, without a 
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coulter, and with a wooden share^ sometimes shod with 
iron and sometimes not. Another step in advance would 
be when an iron share and coulter were added to an instru- 
ment of such primitive construction. 



Fig. 27. 




Ploughs composed entirely of wood, excepting only the 
coulter, share, and a few strips of iron on the mould- 
board, were in universal use up to the middle of last cen- 
tury. Since then iron has supplanted the wood, and now 
is in most cases the only material employed in its construc- 
tion ; and we are mainly indebted to the Scotch for the 
introduction of this material in the manufacture of this 
important implement. 

One of the best and lightest instruments of this kind is 
the Scotch swing plough, which is frequently under 2 cwt, 
or about 210 lbs. in weight, and is worked by two horses. 
The Lanarkshire plough is different from the above, 
making a trapezoidal instead of a rectangular furrow, but 
in other respects they are nearly the same in form and 
character. 

In England most of the ploughs are made with wheels 
in front, and are drawn by two or sometimes three horses. 
This system requires an additional driver, and it is very 
Questionable if the work is so well done as by a good 
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ploughman and pair of horses with the Scotch form of 
plough. Such^ however, is the force of habit and the 
attachment to old tools and old customs, as to encourage 
the prejudice against any innovivtion on the slowly declin- 
ing methods of ages that are past. Be this as it may, it 
is quite clear that the introduction of the improved iron 
plough, which like the Minie rifle in the army has super- 
seded the clumsy brown Bess of agriculture formerly in 
use, and has been to the farmer a most important and 
advantageous change. 

Other machines of which I wish to treat are so numerous 
and important that I shall have to pass over many essential 
to high cultivation. Good implements are the twin-sisters of 
good cultivation, and the latter cannot be secured without 
the former. Such implements are harrows, cultivators to 
stir up and loosen the soil, grubbers to gather weeds, drills, 
distributors, clod-crushers, and rollers. All these machines 
should be part of the farmer's stock, and cannot be dis- 
pensed with. It is absolutely necessary in the present 
improved state of our knowledge, and with our present 
demand for agricultural produce, that a well conducted 
farm should have all the machinery necessary to carry out 
the new system of management, and so save time and 
labour in all the varying operations of husbandry. The 
description of all these implements, however, I must leave 
to abler hands than my own, and refer you to Stephens' 
Book of the Famiy and similar agricultural writings, where 
you have the recommendations of practical farmers, and of 
men of high standing and authority in their profession. 

To every intelligent'observer interested in the progress of 
agriculture, it must however appear evident that we are at 
the present time in a state of transition, and that the epoch 
is fast approaching when a total change is likely to be 
effected in the cultivation of the soil ; steam, the great 
innovator, having effected revolutions in almost every 
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branch of human industry, is now Invading with irresistible 
force the province of agriculture. The farmer may object 
to and oppose the change, but he cannot prevent it, and he 
must, in my opinion, ultimately succumb to the necessities 
of an increasing population and the onward progress of the 
arts. 

The first step in preparing the land for the reception of 
the seed is the disintegration of the soil, or the loosening 
and turning over of the mould to a depth sufficient to 
admit the air and to allow the roots of the plant to pene- 
trate, in order to ensure its necessary support and supply 
of food. To attain these objects, it is found from long 
practice to be absolutely necessary to carry off by an 
effective system of drainage the superfluous water, and by 
these means to allow the rain to percolate through the 
soil, the surplus being passed into the drain and only the 
requisite quantity of water retained for vegetation. The 
number and direction of the drains must be leflt to the 
farmer, who will be guided by the nature of the subsoil 
and the position of the field to be drained. The depth to 
which the drains should be cut is also a consideration of some 
importance. Mr. Smith of Deanston recommended 2 feet 6 
inches to 3 feet as the proper depth, but it has since been 
found necessary to go as deep as 3 feet 6 inches or 4 feet in 
order to protect them from injury and increase the easy flow 
of water to the outlets. To accomplish this increase of depth 
in the soil the subsoil plough was invented, and we are 
indebted to IMr. Smith of Deanston for the introduction of 
this very valuable and important implement. It is used 
in almost every description of ground that admits of sub- 
soiling, and in some cases, when the bottom is a stiff clay, 
four or six horses are required to loosen the subsoil, and 

ultimately to convert it into a fertile and productive 
mould. 

Some improvements have been made on this plough. 
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but the principle on which it was first constructed has not 
been altered since its introduction. 

To return from this digression on draining to the em- 
ployment of steam. It will be in the recollection of every 
one present that less than a century ago the machinery for 
spinning flax and cotton was confined to a single wheel and 
spindle^ and the produce was limited to what could be 
efiected with such an instrument by the human hand. 
Now the number of spindles employed are counted by 
hundreds of thousands instead of by thousands as then, 
and instead of working one spindle apiece, one person 
now works a thousand. A change of similar character 
and extent may yet be in store for the farmer; he would 
be a bold man who in these days of change and progress 
would stand forward and say that we had arrived in any 
art at the final stage of human improvement, the ultimate 
goal of human progress. My opinion is that in agriculture 
especially, so far from being perfect, we are in a state of 
transition, and that it only requires the willing co-opera- 
tion of the agriculturist and engineer to establish a new 
era in the history of the machinery of agriculture. 

Let us, for example, look for a moment at what has 
been done and is doing towards the introduction of the 
steam plough. Steam power having already been applied 
to the millwork of the farm in threshing, grinding, slicing, 
chopping and cutting, it is not unreasonable to suppose 
that the same application may be made in the field in the 
more laborious operation of breaking up the soil and pre- 
paring it for the reception of the seed. Mr. Hoskyns, in 
his admirable treatise on the clay farm, states that pre- 
paratory tillage consists in the comminution, aeration, and 
inversion of the soil, all of which he considers proper to 
effect by a properly formed machine at a single operation, 
and he is of opinion that, that machine should be a " re- 
volving cultivator.^ It is diflScult, however, in the present 



172 AGRICULTUBAL IMPLEMENTS. 

state of our knowledge to say which is likely to prove the 
best and most efficient machine for eiFecting these objects 

At an early period of my own history I made a model 
of a vertical steam cultivator^ or a digging machine with 
three spades intended to be propelled by steam, and cutting 
to a depth of ten to twelve inches. The spades were 
worked by cranks and slides from the engine, and the 
boiler cylinders and other works were supported on a large 
cast-iron roller and front wheel, which were moved forward 
by the engine on the solid unbroken ground at a rate of speed 
due to the action of the spades : these were suspended on 
a frame on one side of the machine, and turned over the 
cuts as they were delivered by an inclined plane or pro* 
jecting caniy which gave them an obliquity of motion in 
their ascent from the ground after taking the cut This 
machine I had the honour to exhibit, in 1813, at the 
Society of Arts and Manufactures, and the then exisldng 
Board of Agriculture, where, I believe, it may yet be 
seen. 

From that period up to 1839, when Mr. Henry Parkes 
I)roposed compressed air, or a vacuum, as an auxiliary for 
conveying motion from a stationary engine to travelling 
instruments fixed on a carriage, nothing of moment had 
been done ; and it is only recently that a movement has 
been made in that direction. 

Mr. J. Algernon Clarke, in his paper upon " The 
Application of Steam Power to the Cultivation of the 
Soil," states that, *^ for making the steam engine itself an 
agricultural locomotive we have Mr. Boydell's endless 
railway engine, and the traction engine, which was exhi- 
bited at the Salisbury Agricultural Meeting. It was 
proved that it could climb considerable gradients; but 
taking the weight of the engine with its water and coal 
into consideration, I should question whether the sugges- 
tions and improvements of Tuxfordy Hall, and Smith axe 
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ever likely to overcome the difficulties of rough surfaces 
where so much of the power is expended in carrying the 
engine itself forward over steep and unequal ground." 

To overcome these difficulties, I apprehend we must 
make the engine with a succession of fixtures along the 
headlands, and have recourse to a windlass, or movable 
pulley and rope, in order to compass the tillage of hilly or 
unequal surfaces. This, I am persuaded, may be done 
with economy and effect by the introduction of a suitable 
engine and guide-pulleys made movable along the head- 
lands. By this arrangement the whole power of the 
engine would be applied to the ploughs, and the friction 
consequent upon the drag of a considerable length of 
rope. 

Mr. Fowler has adopted this system, and, according to 
returns received, it is stated that ** the working cost of 
deeply breaking up the soil at five acres per diem, in- 
cluding the shifting of the tackle, is 5s. 2d. ; and of trench- 
ing and subsoiling, three acres per diem, 8^. Sd. per acre ; 
the wear and tear being taken at Is. 6d. per acre more. 
The price of the tackle and implements adapted to a com* 
mon portable 7-horse engine is 220Z., and the experience 
of several farmers appears to show that it is worth while 
to lay out this sum in order to derive full benefit from 
the process." Mr. Smith of Deanston's method of turn- 
ing the instrument at the end of its course is by simply 
having it yoked to the ropes by a turn bow or hook in 
front, an exceedingly simple and ready arranojement. 

Mr. Clarke, in his paper, states rightly that the best 
and indeed the first plan ever brought into actual opera- 
tion is that of the engine and head gear on one headland, 
and an anchorage and pulley on the other, both being 
shifted along as the work proceeds. This is Mr. Fowler's 
plan, and is that which was exhibited at Stirling, where 
six and three-quarter acres were ploughed to a depth of 
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five and a half inches at an estimated cost of f^s, per acre, 
which bv horse bkboor would have cost 1 5s. per acre. On 
milder soils seven inches deep at the rate of nine and a 
half acres a day cost 61. an acre, which by horse labour 
would have cost 81. per acre. The trenching implement 
going twelve inches deep, ploughed at the rate of five 
acres per day at a cost of lli. per acre, which would 
require six horses in order to accomplish one acre per 
day. 

The saving may therefore be reckoned to be 35 per 
cent, upon loamy land; 40 per cent, upon heavy land, 
and 60 per cent in the trenching process. 

Such are the statements Mr. Clarke has given in hb 
paper, and assuming these returns to be correct we may 
safely look forward to increased improvement and great 
diminution of cost in the process of steam ploughing. 

Again, referring to the experimental trials at Stirling, 
I must not forget to notice the superior quality of the 
work done, and the great advantage derived from turning 
over the furrows at a rapid motion, thus dispensing with 
the consolidating effects produced by the horses and other 
damaging agencies affecting the soil as it leaves the mould 
board of the plough. On this principle it will be observed 
that only 800 yards of wire rope are required for plough- 
ing 400 yards of furrow, and the price of the entire appa- 
ratus for a 7-horse engine does not exceed 280/. The hands 
required are only two men and three boys, exclusive of 
water carriers. 

Numerous suggestions have been made in regard to the 
above [)rocess, and I may be allowed to observe that what 
is wanted is Jio several ploughs attached to the drag rope 
and guided by hand, but a series of ploughs fixed in a 
frame or carriage with wheels, susceptible of being guided 
in a straight line at a uniform depth from the surface over 
which it is moved. A machine of this sort with the 
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ploughs tilting upon a centre and ploughing both ways is 
adopted by Mr. Fowler. 

On this subject) Mr. Clarke observes^ that we can 
imagine no better plan than that of balancing two sets of 
fixed ploughs upon a single pair of wheels. The frame 
being hung midway upon the axles with a set of ploughs 
at each end, is tilted so as to bring the hindmost set into 
work, and when arrived at the headland the attendant has 
simply to pull down the other end and start the implement 
in its next course, and so on alternately moving the engine 
and return pulley at the headlands until the work is 
finished. A machine of this sort, attached to a portable 
locomotive engine, such as is used for threshing, will, in 
my opinion, meet all the requirements of steam tillage, 
tiding into account future improvements which are sure 
to follow; and, I believe, it would prove a much more 
economical process for the cultivation of the soil than the 
system at present in use. 

Some three or four years ago I was in communication 
with Mr. Hoskyns on the subject of steam tillage, and in 
order to carry out that gentleman's views I sent him a 
rough sketch of a machine on the principle of rotation, with 
cutters fixed on a revolving axis, placed behind the car- 
riage of an engine, and of such a form as would enable them 
to slice the soil, and by a spiral blade lay it in sections pre- 
pared for the harrows, or any other process of pulverisation. 
Not having heard from Mr. Hoskyns, I am not aware of 
what has been done in this direction, but I am of opinion that 
an effective machine of this kind might be applied with suc- 
cess on lands which are level, or where the gradients are not 
steep. The difficulties although not insurmountable are 
considerable, as the weight of the engine and cutting appa- 
ratus is a great drawback to this description of machine. 

In the present state of our knowledge it is probably 
difficult to determine the best principle on which steam 
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cultivation should be carried out. I am, however, decidedlj 
of opinion that a sum not exceeding 10,000/. would be 
well spent by a commission of two or three gentlemen of 
undoubted ability who would undertake the duty of in- 
vestigating the subject, and instituting a series of experi- 
ments calculated to ensure unmistakable results as to the 
best means of overcoming the difficulties, and of establish- 
ing a system of operations calculated to meet all the re- 
quirements of a new, more perfect, and more economical 
system of tillage. 

Ten thousand pounds is a large sum to be expended for 
such a purpose, but the agriculturists could not possibly 
make a better investment ; and if this sum were raised by 
subscription, with a small grant from the Government, the 
Koyal Agricultural and the Highland Societies, I am 
satisfied the time would not be far distant when the re- 
turns would be upwards of 30 to 50 per cent. I would 
myself, with one or two others, gladly take charge of the 
inquiry, and by careful experiment and research endeavour 
to lay a basis for effecting the operations of the farm by 
steam power at a rate of only one- third the present cost. 



REAPING MACHINES.* 

Machines of this kind are of great antiquity; they were 
known to the Romans, and a graphic description is given 
of them and their uses by Pliny. Those of modem date 
have many properties which bear more or less directly upon 
those of antiquity, but we hear nothing of them during 
the dark or middle ages, and from these remote times up 

* The subject of reaping machines was carefully investigated in my re- 
port addressed to Lord Stanley of Alderley, President of the Board of 
Trade, and as that report contains the results of a series of experiments 
made upon different machines at the Paris Exhibition, I have concluded that 
I could not do better than submit it for your consideration. 
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to the present we have few traces of improvement, or suc- 
cessful attempts to substitute machine reaping for the 
sickle. Various machines were invented in the early part 
of the present century, though probably the first successful 
attempt was made by Mr. Smith, of Deanston, in 1812. 
This machine was followed by those of Ogle in 1822, 
Mann in 1832, and Bell, of Carmyllie, Forfar, in 1826. 
Mr. Bell has used his machine and gathered in his harvests 
by it for the last thirty years, and it is not too much to say 
that most of those now in use, both in this country and in 
America, are based upon the principle which he introduced. 
There is a great similarity in all these machines, and those 
shown at the Universal Exhibition of Paris exhibited 
nearly the same characteristics in principle and construc- 
tion as those at the Exhibition of 1851. 

M'Cormick, Croskill, and others, introduced some slight 
improvements, but the principle of the machine remains 
unaltered, excepting the receiving boards, which in those 
brought forward for competition at the Paris Exhibition 
are exceedingly variable in form and construction, and 
some of them very ingenious. The period of the Uni- 
versal Exhibition was most favourable for giving a fair 
trial to machines of this description, and the month of 
August afforded an excellent opportunity for testing their 
merits by direct experiment. Through the liberality of M. 
Dailly, a distinguished agriculturist and member of the jury, 
a field of oats on his farm at La Trappe was set apart for 
the exclusive purpose of ascertaining the properties and 
proving the value of these machines. On the 2nd of 
August, 1855, at 11 o'clock, the machines were divided into 
three groups, and the contest for superiority commenced 
as follows : — 



N 
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the reel for gathering the corn went too fast, and in- 
jured its working bj striking the grain too high up the 
stalk* 

J, S. Wrighfs Automaton machine (^American) exe- 
cuted 1733 square metres in 24 minutes. This machine 
is nearly self-acting, requiring only a driver and one at- 
tendant to follow the machine, in case anything should go 
wrong. Its novelty consists in a rake worked from the 
wheel that drives the cutter shaft ; it is attached by an 
. arm or connecting rod to the bevel wheel, and by a combi- 
nation of levers receives a rotatory motion which, along with 
that in a longitudinal direction, drags the grain forward over 
the edge of the board ; in order, however, to make sure of 
the discharge, another rake or cleaner strips the before- 
mentioned one of its load, and lays the straw in parallel lines^ 
ready to be bound into sheaves. This machine, like Cour- 
nier's, has some clever devices, but requires further altera- 
tion to simplify and make it more effective and complete. 

Laurenfs French machine. — This machine, like Cour- 
nier's, was constantly choking with the straw around the 
cutters. It is a copy of Bell's, and requires two men at 
the pole, a driver, and a reaper, to work it. It is a heavy 
machine, and almost too much for two horses to work. The 
falling off in the speed was the reason of its entanglement. 
In all these machines speed is an element of success, as 
whenever the velocity of the knives and the speed of the 
machines was reduced, choking and entanglement of the 
straw resulted. Under these circumstances, it is therefore 
a consideration of much importance to have these machines 
of such dimensions as to enable the horses to work them 
with ease at the required velocity. 

Group 2. Mazier^s machine (JFrench), — This machine 
is of light construction^ adapted for one horse, and cuts a 
breadth of 2 feet 7 inches in a line all round the field. Tt 

N 5i 
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cuts either right or left, by means of the frame containing 
the cutters turning on a central axis. The knives are 
worked by a wheel and worm, and are well calculated 
to cut light grain, such as oats and barley, but might 
prove inoperative on a field of heavy wheat. The ma- 
chine, as a whole, was rather slender for the work it 
had to perform, but if well constructed, and the parts 
judiciously proportioned for two horses, there is no reason 
why it should not reap any description of grain. In the 
attempt to cut the allotment it unfortunately broke down, 
some of the parts giving way. 

J, H. Manny ( United States). — Mr. Manny's allotment 
consisted of 1900 square metres, which was cut in 26 
minutes. The machine is worked by two horses, and 
cuts a breadth of 4 feet 6 inches. Mr. Manny speaks 
highly of his machine, and gives numerous testimonials 
of its efficiency, exclusive of medals, premiums, and 
awards from different districts in America, and from 
various countries in Europe, for its performance. Ac- 
cording to Mr. Manny's account, **it will cut either 
grass or corn when down, wet or dry, and in whatever 
direction the wind blows, without being stopped for a 
single instant." He further observes " that it can in a 
few seconds be converted from a reaper into a mower, 
as the only thing required is to withdraw the platform 
and change the knife of the reaper into the cutting 
scythe of the mower." 

" The cutting apparatus for corn or grass is made in such 
a way that it cuts as well backwards as forwards. When 
the machine is reaping the wheat is received on the plat- 
form, gathered, and put into a heap by the action of a wind 
board, and by a single stroke of his rake the attendant 
puts the grain down on the ground, at the back of the 
iae, in the shape of already made sheaves, which 
tving." 
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It will not be necessary to follow Mr. Manny in his 
description, which evinces great confidence in the supe- 
rior performance of his machine ; suiBce it to observe, 
that it did its work moderately well, though some parts 
were not clean cut. 

CroskiWs machine (^English) is an improvement upon 
Bell's, and in great repute among the farmers of the 
North Biding of Yorkshire and other parts of England. 
In the hands of Croskill it has received several improve- 
ments, but unfortunately on this occasion the key of the 
connecting rod that works the knives got loose, dropped 
out, and stopped the process of reaping ; under these cir- 
cumstances it was considered advisable to withdraw the 
machine, and leave the field open to other competitors. 

Group 3. M^CormicKs machine {American^. — This 
reaper is probably one of the best machines of its class. 
It reaped 1987 square metres in 17 minutes, and judging, 
not only fron^the quantity of work done in so short a time, 
but from the manner in which the ground was cleared and 
the grain cut, it evidenced much greater perfection in its 
operations than any of the others whose powers were 
brought to the test. 

It cuts a clean track of 5 feet 6 inches wide, and per- 
forms the operation with a degree of certainty and preci- 
sion sufficient to account for the very short time in which 
the allotment was cut. This machine, however, like most 
others, is susceptible of still further improvements, and I 
am glad to find that Messrs. Burgess and Key, the makers, 
are about to introduce a new movable apparatus, consist- 
ing of Archimedean screws, for delivering the grain from 
oflF the receiving board as it is cut. This would render the 
machine much more perfect, as its great defect was the 
way in which the grain was delivered from the platform, 
and the evident want of some method of laying the he* 

N 3 
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and straw parallel^ and in bundles or sheayes^ and so as to 
clear the track for the horses on the return cut. 

fVm. M, Dray and Co.^s machine {English) is of an ex- 
ceedingly compact form. It is entirely without a reel for 
gathering in the corn to the cutters^ and requires only one 
man as a reaper to watch the cutters and discharge the com 
as it is received upon the board or wooden platform behind. 
The cutters are five feet wide, and it reaped 2250 
square metres in 35 minutes. The peculiar features of 
this machine are its portable construction, and the receiv- 
ing board which moves upon an axis, and is tilted by the 
pressure of the reaper's foot, so that the grain drops be- 
hind ready for the person who follows to bind and tie 
it up. 

The only objection to this process is that it requires 
the binding to be done immediately, otherwise the work- 
ing of the machine would be impeded, and the horses at 
every succeeding cut would have to trample over that pre- 
viously reaped. This appears to be the chief defect in the 
machine ; a diflTerent clearing apparatus to effect the dis- 
charge of the cut grain in a lateral direction would render 
it much more valuable. It would give time for binding 
up the grain into sheaves, and at the same time it would 
clear the track for the horses and machine in their return 
for the next cut. 

The last machine (Canadian) was withdrawn from some 
cause not explained. 

The following Table, which Mr. Edward Coombes got 
up at my request, exhibits the results of the different 
trials. 



STRENGTH OF PABTS. 



Trial of Reaping Machines on the farm of Mr. Dailh/, 
at La Trappe, near Paris, 2nd August 1855. 



On a careful examination of the machineB entered for 
the prizes, it should be observed that in every one of 
them an attempt was made to effect a certain purpose 
hy means of transmission calculated to retard rather than 
to fadlitate the process of cutting. It is true that in ma- 
chines of this kind, where horses are employed as a 
motive power, it is desirable to make the parts as light 
as possible, and to effect the motion of cutting, &c. with 
as light wheels and motions as can be made. But the 
small wheels and their attachments, as applied to these 
machines, appear to me to be the very worst and.heavie8t 
parts of the machine, and I would earnestly urge 
upon the makers of reaping machines the absolute neces- 
sity of increasing the dimensions of the gearing which 
works the cutters, and at the same time that the journals 
and ends of the shafts should be attached to one casting, 
BO that they cannot vary in position, but must m' 
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and, ppeakiDg technicallj, come and go with the machine. 
These alterations being made, and proper clearing ap- 
paratus attached to the receiving -boards^ we might then 
reasonably expect the machines to perform the labours of 
the harvest with much greater certainty and rapidity than 
IB at present possible. 

From the above Table it will be seen that M^Cormick's 
American machine performed the most work in the least 
time ; that Wright^s and Manny's executed as nearly as pos- 
uble the same quantity of work in the same time, there being 
a fraction in favour of Manny ; and that after these Dray 
was next in the order of time and quantity of work done. 

Keducincr the whole work done to a standard of 2000 
square metres, the competing machines will stand thus :— 
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In the investigation of this subject we have hitherto 
confined our observations to the machines. There is, 
however, another element equally important and essential 
to the efficiency of the process of machine reaping, and 
that is the preparation of the land; and in fact before 
we can look forward to complete success, the surface of 
the soil must be levelled and the present injurious system 
of ridges done away with. To apply machinery to the 
labours of the farm, the land must be prepared not for 
hand but for machine culture, and the successful intro- 
duction of reaping machines will chiefly depend upon the 
preparations that are made for their reception. The 
system of ridges may be tolerated and overcome with 
the sickle, but to give to the new process of reaping by 
machinery its full value, a totally different plan of opera- 
tions nmst bo pursued, and the fields laid down with a 
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perfectly smooth surface. The larger description of stones 
and other obstructions should be removed, and in place 
of the superfluous waters not required for the nourish- 
ment of the plants being allowed to flow between the 
ridges on the surface of the field, sweeping in heavy 
showers everything before them, the new system of 
drainage must be adopted, and the water carried under 
in place of running over the surface. 

To make a machine, such as a reaping machine work 
well, everything must not be left to it, the agriculturist 
must do his duty as well as the engineer ; and that duty 
duly performed on both sides will secure certainty of action, 
solve the great problem of machine labour, and effect 
satisfactory results. When this is accomplished, and not 
till then, we may look forward to the crops being well and 
quickly gathered in by machinery, to the exclusion of a 
laborious process effected with diflSculty and often im- 
perfectly by the human hand. One of the greatest 
advantages of machine over manual labour is the great 
saving of time effiscted by the former, and this alone is of 
vast importance in countries like England where the 
climate is variable, and where a whole harvest may be lost 
or seriously damaged by a wet season, unless rapidly 
cut and stored. At such times the machine reaper 
becomes invaluable, and cannot fail, when properly con- 
structed and properly applied, to prove a great national 
benefit. 
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LECTURE m. 

ON THE RISE OF CITIL AND MECHANICAL EN6INEEBIH6, 
AND ITS PROGRESS TO THE PRESENT CENTURY. 

It is instructive to learn from history how men lived 
during remote periods when the great names of antiquity 
flourished ; to note the condition of our own forefatherSy 
and to trace the course of mechanical improvement in 
its connection with human progress in all its stages. 
During the dark ages of a nation's history, before it has 
emerged from the clouds of barbarism, what few mecha- 
nical contrivances exist are rude and imperfect, and ill 
calculated to alleviate the toil of hard manual labour ; but 
when a movement in advance has been made, and civilisa- 
tion dawns more brightly, it becomes highly interesting to 
walk side by side with the great men to whom that pro- 
gress is due, and to follow them through all the troubles 
and difficulties they had to encounter in the pursuit of 
knowledge and the introduction of mechanical ^ds and 
substitutes for labour in the operations of daily life. 

Let us consider the subject for a moment, and briefly 
examine the condition of the different races to whom we 
are indebted for many of the blessings we now enjoy, and 
from whom we have derived mechanical aids that have 
come down to us from remote periods of the world's 
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CONDITION OP CONSTBUCTIVE ABT IN VARIOUS NATIONS 
DOWN TO THE SEVENTEENTH CENTURY. 

Some nations, such as the Chinese and Hindoos, at- 
tained a comparatively high state of civilisation for ages 
antecedent to the conquests of the Greeks and Romans. 
The plough, the spindle, and the loom have been known to 
ancient nations from the earliest times. Astronomy, 
geometry, mathematics, and other branches of science were 
cultivated by those people to some extent, and many of the 
useful arts were successfully practised, but that upon a 
scale better adapted to the supply of their ordinary wants 
than indicative of a rate of progress calculated to develope 
to any great extent the inventive faculties of the age in* 
which they lived. Such was the position of the oriental 
nations more than a thousand years before the Christian 
era; and looking to the advancement which they might 
have attained in science and art, it is lamentable to find 
that their progress was checked by conquest and bad go- 
vernment, and that they have since become a stationary 
people. 

What, then, is the cause of this non-progression, which 
for thousands of years has locked up the inventive facul- 
ties of races to whom we are indebted for the first princi- 
ples of science and the rudiments of civilisation? Probably 
we shall not find it to have arisen from any natural defi- 
dency, nor from the want of those higher powers of intellect 
which constitute genius in every age and country ; on the 
contrary, we may trace the absence of progress and the 
national decline to a stationary and restrictive principle of 
government, united with religious dogmas and a decaying 
faith, which effectually deaden the inventive faculties, and 
paralyse the energies of an otherwise gifted people. 

That these obstacles have existed from the earliest 
periods is evident, and that they still operate is observa 
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at the present time in many countries where the goven- 
ment is ab^ohite. The Chinese, for example, are the same 
people at the present day that they were in the age rf 
Confucius, and they may continue so for many ages to 
come, unless roused to action by subjection to a foreign 
power, or some other cause calculated to bring them under 
the influence of western civilisation. The Mahommedan 
successors of Timour, and the followers of the prophet^ 
are equally adverse to change ; and so long as a prescribed 
form of government exists, associated with an intoleraxtt 
creed, we may look in vain for that progress which is so 
happily attained amongst the more cultivated intellects of 
the west. 

The Orientals have long ceased to exercise any inflo- 
ence upon the development of civilisation in other coun- 
tries. It is evident, however, that Egypt attained at an 
early period a high degree of refinement, and gave a 
marked impetus to the arts in all surrounding countries. 
It is evident, from the quantities of linen which have been 
discovered shrouding the remains of their rich or distin- 
guished men, that spinning and weaving were largely 
practised by the Egyptians, and judging from the splendid 
remains of their temples, pyramids, and public buildings, 
we may reasonably infer that practical science and useful 
art were largely cultivated, and applied in the construction 
and erection of these vast memorials of antiquity, which 
have stood the test of time for ages almost unimpaired. 
In the irrigation and tillage of the soil the Egyptians must 
have attained considerable perfection, and the quantity of 
wheat grown and exported indicates the industry of the 
Egyptian people and the great fertility of the soil. 

From the Egyptians we descend to a people who, of all 
others, ancient or modern, have excelled in the refine- 
ments of architecture and sculpture. To the Greeks we 
owe the application of the true principles of harmony in 
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t^ese arts^ and the development of beauty of design and 
symmetry of proportion. That illustrious people were no 
oopyists of the art of surrounding nations^ but were per- 
fectly original^ and struck out for themselves new concep- 
Hons in design and construction. They made the profound 
and loving study of nature the high road to perfection^ 
and reYidered symmetry in the development of natural forms 
tbe grand criterion by which the artist was judged. These 
were the characteristics of ancient Greece, and with all 
cmr boasted powers of invention we have never been able, 
up to the present time, to originate anything ^comparable 
in beauty to the five orders of architecture as they came 
from the hands of the Greeks. 

How unfortunate has it been for art and for the world 
that the constant wars and contentions amongst the Greek 
itates, against the Macedonian and other powers, should 
have retarded the progress of the useful arts, and ultimately 
sapped the liberties of the Grecian people, destroyed every 
hope of further improvement, and left them an easy conquest 
to the rising and more powerful republic of the Romans. 

To the Romans, who shortly after the conquest of 
Greece became masters of Europe, we are indebted for 
many works of art and mechanical adaptation. It is sup- 
posed that water, as a motive power, and wheels with 
buckets and floats, were applied by them in grinding com 
and pumping water. Of their corn-mills, some were on 
the principle of the pestle and mortar, and others consisted, 
like our own, of revolving stones. Some of these latter 
mills are yet to be seen in the baker's house which has 
been uncovered at Pompeii, where I had the opportunity 
of sketching one about a year since. Fig. 28 will explain 
the principle of these interesting remains. A is a block of 
rough leucitic lava, cut into a conical form, with an iron 
pivot at the top, which supports the movable stone B, 
composed of the same material, and hollowed out to em- 
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tised the arts of spinning and weaving^ but^ generally speak- 
ing, they were rather the patrons than the cultivators of 
art ; and whether we view them as agriculturists, architects, 
or mechanics, we shall find that the great works in Rome, 
and in the Roman towns of Italy, were designed and 
executed by foreigners, and chiefly by the Greeks and 
Tuscans. The Romans laid the whole of their vast con- 
quered possessions under contribution for the gratification 
of their own ambition and the enrichment of their own 
homes and cities. The results of their conquests are still 
to be seen in the magnificent remains of monuments and 
edifices, and works of public utility scattered throughout 
Italy and the provinces. The scenes of rapine and murder 
which were enacted during the latter days of the empire, 
and the consequent insecurity of life and property, with 
the increasing luxury and indolence of the people, readily 
account for the stagnation of useful art which preceded the 
decay of the empire. 

The consideration of the state of art amongst the Ro- 
mans brings us down to the period of Alaric and his suc- 
cessors, when the empire was destroyed by the inroads 
of the Northern barbarians, and all progress in the arts 
stayed for almost a thousand years. About the beginning 
or middle of the fifteenth century, and during the Italian 
Republics, the light of civilisation began again to dawn 
upon a new generation of men. In 1474 was born Michael 
Angelo Buonarotti, one of the greatest painters, sculp- 
tors, and architects of any time ; one of the ablest de- 
signers, and a skilful anatomist. His works are celebrated 
throughout all Europe, and the beauty of his paintings 
and the originality of his conceptions in the highest regions 
of art, are to this day the subjects of universal admiration. 

After Michael Angelo came Galileo, born in 1564, and 
to that great man we owe the telescope and pendulum, ap- 
plied by his son "Vlncenzio to the regulation of the clock. He 
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wiu onoof the first of the school of experimental philosophers 
who, ril'anloning the barren methods of the schoolmen, 
liav^' I r.ilucod such brilliant results in physical science. 

^r.c'.ael Angelo in the fine arts, and Gralileo as the 
reprc?:iuarive of theoretical and experimental science, 
were followed by those who in our own country led the 
van of progress in another department. The Marquis 
(f Worcester, in his " Century of Inventions," announced 
the steam engine ; and however crude his invention may 
have been, it must still be taken as the starting point 
from which have sprung the vast developments of steam 
j'Owcr. The ilarquis actually erected one of his engines 
cf about 2-horse power on the banks of the Thames, and 
it was employed in supplying the town with water. 

In " The Journal of the Visit to England of Cosmo 
de Jletlicis, Grand Duke of Tuscany," in 1699, there is 
an interesting record of this engine of Worcester's. " His 
liighncs:*/' writes his secretary, "went again after dinner 
to the other side of the city, extending his excursion as 
i'ar a.-? Vauxhall, beyond the palace of the archbishop of 
Canterbury, to see an hydraulic machine, invented by my 
Lord Sumcrset, Marquis of Worcester. It raises water 
more than forty geometrical feet, by the power of one man 
only ; and in a very short sp.ice of time will draw up four 
vessels of water, through a tube or channel not more than 
a span in width, on which account it is considered to be of 
greater service to the public than the other machine near 
Somerset House." 

This interesting document proves that the plans of the 
Marquis were practical and capable of advantageous em- 
ployment. Yet it was reserved for Captain Savery to 
introduce steam generally as a means of raising water. 
Savory's engine, of which fig. 29 is a sketch, consisted of 
two boilers, in which the necessary steam was generated, 
'^d two receivers with valves, which were placed at the 
f £he mine shafts about thirty feet above the 
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water to be drained, as at ~a.. The 
process of pumping was effected by 
adtrnttiBg steam into one of the re- 
C^Yers, as a, and then cutting off the 
connection with the boiler. The steam 
was suddenly condensed by means of 
a jet of cold water, which, forming a 
vacaum, the water to be lifted imme- 
diately rushed up the pipe l>, by atmo- 
spheric pressure, to refill the receiver. 
Steam being then admitted from the 
boiler to press upon the water in the 
receiver, and all connection with b being 
cut off by a valve, the water was forced 
np the pipe c, and discharged into the 
trough d. The steam in a being then 
again condensed, the process was re- 
peated, and thus by the alternate action 
of two receivers a continuous stream 
was m^ntained. 

X>r. Fapin shortly after this made 
some contributions to our knowledge 
of the properties of steam by his ex- 
periments with the cylinder and piston, 
and by the invention of the digester, 
in which he dissolved bones and other 
animal solids by means of the high tem- 
perature which water attains under 
great pressure. It is upon these re- 
searches of Papin that Arago* (in his 
£loge of Watt) and other French philo- 
eophers, have founded his claim to the 
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invention of the steam engine. I have taken some paint 
to inquire into the justice of tbia assertion and find the 
claim to be altogether baseless, and to depend entirely 
upon the construction of a small model which could never 
have been used for any practical purpose, and cannot be 
shown to have had any influence on the actual introduc- 
tion of the steam engine. 

Savory's engine, attended aa it was by auch an enormoiM 

Fig. 80. 
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waste of steam^ was shortly afterwards superseded by that 
of Newcomen, a far more perfect and economical ma- 
chine. This engine, introduced in 1705, is well known as 
the atmospheric engine, having an open-top cylinder, that 
the atmosphere may press freely upon the upper side of the 
piston. Fig. 30 represents a large engine on the New- 
comen principle, constructed by Smeaton in 1775, at 
Chase water ; c is the cylinder 72 inches in diameter, 
with its piston of iron coated with wood, it is placed im- 
mediately over the boiler b, with which it is in communi- 
cation ; a a is a pipe for the injection water for condensing 
the steam, supplied by the pump d from the cold water 
cistern ; the reciprocating motion of the piston, e, is com- 
municated through the huge timber main working beam 
^fy to the pump rods ff g, which pass down the mine shaft. 
In working this engine, the steam was first admitted into 
the cylinder c, and with the weight of the pump rods 
ff ff immediately dragged the piston to the top of the 
stroke ; a forked rod, worked by the engine, then shut off 
the communication of the boiler, and opened the cold 
water injection cock a, the result of which was the sudden 
condensation of the steam in the cylinder, and the forma- 
tion of a vacuum under the piston ; when the pressure of 
the atmosphere forced down the piston and completed the 
down stroke, raising at the same time the buckets and 
plungers of the pumps in the mine, the steam was then 
readmitted, and the process repeated for every stroke all the 
day through. * Now it is evident that every time the injec- 

♦ For comparison with other engines, to which reference may be made, 
we may add the dimensions of this, which was the largest engine Smeaton 
had seen : — 

Cylinder 72 inches diameter. 

Stroke 9 feet. 

Making from 4 to 9 strokes per minate. 
Actual power . . . .150 horses. 
JRepcrts of John Smeaton^ toL ii* p. 347. 

o2 
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tion water is admitted the cylinder is cooled^ and requires to 
be heated again at the expense of the steam before another 
stroke can be effected. This waste of steam with a pro- 
portionate expenditure of fuel did not escape the penetra- 
tion of Watt^ and first led him to those modifications 
which ultimately resulted in the double action engine as at 
present constructed. 

In the earlier engines, the alternate admission of the 
steam and injection water was effected by hand^ by means 
of cocks, but was afterwards more ingeniously accom- 
plished by the contrivance of the boy Humphrey Potter, 
who to save himself trouble and gain time to spend with 
his playfellows, attached strings to the cocks or valves, and 
caused the main beam of the engine to open and shut them 
in the ascent and descent of the stroke. Mr. Beighton 
availed himself of this ingenious contrivance^ and made 
the engine self-acting, by fixing gearing to the valves^ 
worked by plug rods instead of Potter's strings. Potter 
was, however, the original inventor of self-acting gear, 
and although we cannot quite approve this breach of 3uty 
to which a game of marbles tempted the little fellow, yet 
wc must admit that as a juvenile engineer he was no 
bad example, when such a man as Beighton adopted his 
invention, and turned it so successfully to account in 
rendering the engine thenceforward self-acting. 

MILLWORK FROM 1700 TO 1800. 

The condition of mechanical art contemporaneously with 
these inventions, is exhibited in a work entitled Machines 
et Inventions approuvees par VAcaddmie Roy ale des Sciences, 
Avhich records most of the new discoveries in practical 
science from 1688 to 1734, a period of nearly half a cen- 
tury. Most of these inventions are excQ.edingly crude and 
imperfect, but some are ingenious and curious* Amongst 
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them we find an immense nmnber of schemes for grinding 
com, pumping water, sawing wood, propelling vessels, 
boring cannon, rolling lead, &c. They also contain draw- 
ings of the earliest forms of the steam engine. 

The use of cast iron and bevil wheels appears not to 
have become general until the latter part of the last cen- 
tury. The whole of Smeaton's designs for mills from the 
conmiencement of his career to 1782 exhibit only the 
" cog and rung," or wheel and trundle arrangement. 

Fig. 31 represents an oil mill, with overshot water-wheel, 
constructed by Smeaton in 1776, and is a good example 
of the millwork of the period. The water wheel a a is 
carried upon a solid cast iron axis b b, and its movement 
is transferred by means of the spur-wheel c, and trundle 
or wallower d, to the horizontal shaft k A, and again by 
the spur cog-wheels e,^ to the vertical shaft which carries 
the heavy oil stones ff ff. It may be observed that the 
water for this wheel was actually raised by a steam engine, 
no more direct mode being then known of converting the 
reciprocating action of the piston and cylinder into the 
rotatory movement required by machinery.* 

In Smeaton's time the shafts were made almost univer- 
sally of wood hooped with iron, and with gudgeons of the 
3ame material, sometimes turned and sometimes not, 
running in a block of hard wood, or a lump of whinstone, 
as best suited the convenience of the millwright Cast 
iron in millwork began to be introduced about 1770-80. 
The first bevel wheel seen in Scotland was at a corn mill 
in Ayrshire about 1770, and the same wheel was retained 



♦ With an engine properly constracted, of twenty-five inches cylinder, 
I can undertake to raise to the height of thirty feet, 1000 gallons, wine mea- 
sore, per minute, with the expense of 1 cwt. 3 qrs. coals per hour, and I do 
apprehend that if a new engine were set about in conjunction with this mill, 
that such an engine would be made for 350/. or thereabouts. — SmeatorCa 
UeporUi ToL ii p. 401. 

o 3 
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aa a relic, formiag part of a dial stand in front of the honee 
of Mr. Murdock of Soho. Arkwright is said to have 
need bevel wheels of iron on a small scale in 1775, and in 
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the Albion Mills, erected In 1783 and 1784, of which the 
millwork is due to John Bennie, the whole of the wheels 
and shafts, including the bevel wheels for driving the 
iipright shaft, were of cast iron. The exact period when 
bevel wheels became general is uncertain, but the wheel 
and trundle disappeared during the days of Andrew Meikle 
and his successor John Kennie. At a later period still 
cast iron for shafting was in turn superseded by wrought 
iron, a change in the carrying out of which I myself took 
an active part. I can recollect the ponderous drums and 
heavy shafts of former days, which used to utter groans 
and complaints at every revolution. Such a shaft with its 
wooden drum is shown in fig. 32, as it existed in many of 

Fig. 32. 





Fig. 33. 



our cotton mills only fifty years ago, and fig. 33 exhibits 
its modern descendant of polished wrought iron, about 
which I may have more to say in the next lecture. 

These remarks bring us to a period in the history of the 
useful arts from which we may date the commencement of 
those improvements and discoveries in mechanical science 
which have effected a change in the condition of men of 
all countries, and from which we now reap benefits un- 

o 4 
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known to the generations of the past To what extent 
these discoveries may yet he carried, it is not for me to 
determine, but looking at the great perfection at which 
mechanical science has already arrived, he would be a 
bold man indeed who would venture to set limits to the 
development of human invention. In directing your atten- 
tion to the important events that have occurred from time 
to time during the past and present century, I shall divide 
the subject into two periods — ^the first extending from 1750 
to 1800 ; the second from 1800 to the present time. 

ENGINEERING DURING THE LATTER HALF OF THE 

EIGHTEENTH CENTURY. 

At the commencement of 1750 the title of engineer was 
unknown in the vocabulary of science ; it was reserved for 
Brindley and Smeaton to establish a distinct profession 
under that name. Previously to that time the engineering 
of the country was chiefly effected by architects. Inigo 
Jones designed a bridge of three arches in 1636 ; Labelye 
built Westminster Bridge, and Mr. R. Mylne, the father 
of the present engineer of that name, built Blackfriars, 
which was commenced in 1760 and finished in 1771. 
From that time to the present nearly the whole of the 
bridges of this country have been built by engineers. 

One of the most successful bridge-builders and engineers 
of his time was Smeaton, who, at the early age of eighteen, 
had made himself acquainted with practical mechanics, 
and devised some ingenious contrivances for measuring a 
ship's way in the water. In 1753 he was elected a Fellow 
of the Royal Society, and in 1759 he was honoured with 
the Society's gold medal for his paper '^ On the natural 
powers of water and wind to turn mills.^^ In 1759 he com- 
pleted the Eddystone Lighthouse, which for a hundred 
years has resisted the storms of the Atlantic ; a work of 
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great difficulty, that has not been surpassed by any simi- 
lar construction up to the present time. From 1759 to 

1764 he appears to have to some extent retired from 
active engagements, as we hear little of him till the con- 
struction of the bridge at Perth, which was begun in 

1765 and finished in 1771. From that time till his death 
in 1792 he was the leading engineer of the kingdom. He 
made the river Calder navigable, planned and completed 
the navigation of the great Forth and Clyde Canal ; erected 
the blowing machinery at the Carron Iron Works ; and 
there was no man of his time who constructed so many mills 
or introduced into that department of mechanical con- 
struction so much talent or so many improvements. Mr. 
Smeaton never trusted to theory where he had the power 
and the means of testing his improvements by experiment. 
His experiments were the basis on which he founded his 
constructions ; he never trusted to chance, and hence his 
success. We owe him a debt of gratitude for many dis- 
coveries and improvements, and may consider him the 
father of engineering; the model on which his successors 
Kennie and Telford were moulded. 

In the same field of study and industry was Brindley, 
the constructor of the Bridgewater Canal, one of nature's 
en^neers. No two men could be more dissimilar in taste 
and character than Smeaton and Brindley ; yet both were 
men who left behind them lasting monuments of their 
resources, and although they commenced their career 
under difibrent auspices, — the one as an attorney — the 
other as a working millwright with no education, — 
both of them attained eminence in the double capacity 
of mechanists and civil engineers. Brindley was born at 
Tunsted, in Derbyshire, in 1716, and laboured hard for 
a livelihood till seventeen years of age. Having a taste 
for mechanical pursuits he bound himself to a millwright, 
and during his apprenticeship obtained the confidence of 
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his employer, of whom he eventually became the instructor. 
He then commenced business on his own account, and such 
were his inventions and contrivances that constant employ- 
ment was secured him to an extent never realised by any of 
his predecessors. In this way he laboured successfully till 
he was forty years of age, and during that period, amongst 
other works, he erected at Clifton, near Manchester, a 
water engine for draining a coal mine, a silk mill at Con- 
gleton, and various other constructions considered at that 
time of great importance. At Newcastle-under-Lyne he 
erected a steam engine, the boiler of which was made of 
brick, and the cylinder of wood hooped with iron. How 
this engine worked, we are not informed ; but the whole 
scheme was opposed and ultimately swamped by some 
interested competitors. The crowning efforts of Brindley's 
genius, however, were the Great Bridgewater Canal, and 
the viaduct across the Irwell, at a height of forty feet 
above the river, by which he effected a communication 
between Manchester, Worsley and Runcorn. This great 
work was begun in XT') 9, and the first boat entered Man- 
chester in 1762. Amongst other similar works executed 
by Brindley, was the Union or Great Trunk Canal, be- 
tween the Trent and the Mersey. After this time the 
country was penetrated in every direction by canals ; some 
constructed by Brindley, Jessop, and Smeaton, and others 
of later date by Eennie and Telford. 

In the construction of canals, mill work, and water 
engines for raising coal from the mines (some of which are 
still in existence between Worsley and Bolton), Brindley 
was without an equal ; and the country is indebted to his 
genius for penetrating mountains by tunnels, and for con- 
veying navigable waterways over rivers by those aqueducts 
which give to the canal system the novel feature of a river 
suspended upon arches high in the air, with vessels float- 
ing upon it, above others on the river below. By the 
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fertile resources and indomitable perseverance of this dis- 
tinguished and self-taught engineer, all these objects were 
attained in the face of difficulties sufficient to discourage 
the ablest and best educated men of the age in which he 
lived. 

And I would here remark for the benefit of the young 
men now before me, that this brief and imperfect review 
of the career of our two first engineers ought to teach us 
that the only road to fame and distinction in our respective 
professions is through the portals of persevering industry. 
In that arena we must labour, and in that field expand our 
intellects and mature our understandings, not by looking 
on, but as hard workers in the pursuit of knowledge and 
in the exercise of our callings. It is immaterial what pro- 
fession or business you pursue ; to succeed in it you must 
work, and to become a leader you must throw the whole 
of your powers, physical and mental, into the contest, 
otherwise you are sure to lose and to be distanced in 
the race. To become a great man you must be a hard 
worker, and I can tell you from experience that there 
is no labour so sweet, none so consolatory, as that 
which is founded upon an honest, straightforward, and 
honourable ambition. Take for your examples the two 
great men I have brought under your notice, and let 
their actions stimulate you to exertion in the paths of 
honest and persevering industry. 



THE STEAM ENGINE, AND THE RESULTS OF ITS 
EMPLOYMENT SINCE THE TIME OP WATT. 

I must, however, observe that Brindley and Smeaton 
are not the only men to whom the country and the world 
are indebted for the commencement of a new era in 
mechanical progress. Other labourers were in the field. 
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cf m diancter equal, if not saperior, in inventiye talent to 
cither of tbem. To Walt and Arkwright we owe a debt 
of gratitude which we shall neyer sufficiently repay. We 
maj write their lustorieei, or raise monaments to their 
memories, but these are of little moment when com- 
pared with the splendid results whidi have flowed from 
their discoTeries, and influenced the relative positions of 
die wIkJc human race. K we compare the steam-engine 
as it left the hands of Watt, with its puny condition and 
restricted appUcabilitY when he first became acquunted 
with it, we are lost in amazement at the extent of its 
power, the beauty of its construction^ the docility with 
which it adapts itself to all circumstances; and all these 
qualities are due to lum and to him alone. 

At the present time there exists in the British empire a 
total steam power equivalent to that of more than 8,000^000 
horses, worinog ten hours a chy ; or if we add to this the 
engines afloat we have a total of 1 1,000,000 of horse-power, 
a force vastlv exceeding that of all the livinor horses in the 
kingdom. Compare the state of our manufactures, the 
extent of our commerce, the facilities of transport which 
we now enjoy, with the same in the early days of Watt, 
and tell me whether this amazing increase, this immense 
development of our resources, is not owing to his genius ? 

It is impossible to form a just conception of the benefits 
that have arisen from the introduction of the steam enorine. 
It is applicable to every condition in life, and has multi- 
plied the material comforts of mankind to an extent with- 
out a parallel in the history of nations. It has given a 
subsistence to millions who but for it would never have 
existed, and it has given employment to thousands of 
an intellectual character which no other means could 
have furnished to the same extent. Now in every 
country where coal, wood, and water are found, industry 
may flourish, and the steam engine be in constant de- 
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mand. If time permitted, I would cheerfiilly venture 
upon a -description of the improvements which have been 
effected in this important machine since the days of Watt, 
but I have trespassed too long upon your patience, and 
must curtail my observations within the narrowest limits. 

Notwithstanding the variety of forms into which it has 
been moulded, the steam engine is still the same machine 
in all its simplicity of principle as when it came from the 
hand of Watt ; it has the same reciprocating action, the 
same principles of separate condensation, and the same 
mechanical organisation as it had seventy years ago. What 
can exceed in beauty of contrivance the parallel motion, 
the governor, and other motions by which this wonderful 
machine is rendered effective. Innumerable attempts have 
been made at its improvement, and yet with the exception 
of working high pressure steam expansively, and by this 
means economising fuel, there has been no change in the 
principle of the steam engine, either in its condensing or 
non-condensing form. It is still the engine of Watt ; his 
name is stamped as indelibly upon it as Newton's upon the 
law of gravitation. 

In former days many persons looked upon the invention 
of the steam engine as a social misfortune. If we would 
credit these imbecile philosophers, the introduction of every 
machine is an injury rather than a benefit, and the wonder- 
ful combinations which we are accustomed to admire for the 
regularity and harmony of their movements are instruments 
of mischief, and ought to be proscribed. There can be no 
greater fallacy than this; the working of our mines, the 
extension of manufactures, and the immense increase of 
industrial pursuits, fully testify to the immense advantages 
which mankind have derived from mechanical contrivances. 
In this country alone they have given employment and 
social comfort to millions of the labouring poor, and they 
have raised the country to a degree of wealth, influenr.fi. 
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and power, greater than she ever before attained in her 
most promising days of prosperity. 

If I had the means at my disposal I would lay before you 
correct statistics of the steam power which has thus raised 
our resources in the different departments of mining, manu- 
factures, and transport. Sufficient data are not, however, 
accessible ; but I have estimated the total in round num- 
bers at 11,000,000 horses, working ten hours per day. 
That is— 

Employed in Nominal Horse Power. 

Mining and the mantifacture of metal . . . 450,000 

Manufactures 1,350,000 

Steam navigation 850,000 

Locomotion 1,000,000 

Total 3,650,000 

And as these engines are worked at an average of three 
times their nominal power, the above numbers represent a 
force equivalent to eleven millions of horses ; and taking 
one person to every nominal horse-power, we shall then 
have nearly four millions of people to whom the steam 
engine is giving employment in Great Britain and on 
board our ships. It is no wonder, therefore, that we 
revere the memory of Watt, when we look upon the 
benefits he has conferred upon the world and upon his 
country. 

The Cotton Trade. — To Richard Arkwright, an 
ingenious barber, belongs almost exclusively the merit 
of those inventions which gave an important impetus to 
the development of an entirely new branch of industry. 
The carding, drawing, and spinning of cotton, which 
eighty or ninety years ago was performed by hand, 
being spun upon a single spindle, is now increased a 
million fold, and the value of the cotton manufacture 
has increased from 2,000,000/. to upwards of 60,000,000/. 
^"^er annum^ being in the ratio of 30 to 1. Upwards of 
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1,500,000 bales of cotton were imported into Liverpool in 
1857, and the improvements which have followed Ark- 
wright's original inventions have raised the country, with 
the aid of the steam engine, to her present high state of 
prosperity. 

The late Mr. Kennedy states that the first improvement 
consisted in the division of carding and spinning into two 
distinct operations, and progress was first made in the 
carding, by means of which one boy or girl could work 
two pairs of stock cards. This continued for a short 
time, when further improvements followed, until one 
person could work four or five pairs by holding hand 
cards against stock cards fixed on a cylinder revolving 
on its axis, or what is now called a carding machine, 
the inventor of which is unknown. Next in order came 
the invention of Hargreaves in 1767, namely, the spinning 
jenny, by means of which a young person could work from 
ten to twenty spindles at once. After Hargreaves came 
Arkwright, whose first mill was built at Cromford in this 
county (Derbyshire) in 1771, and in 1780 appeared a 
valuable machine called ** Hall-i'-th'-wood," but now 
**Crompton's Mule," from its uniting the qualities of 
Hargreaves' and Arkwright's frames. 

In the department of weaving we are indebted to Mr. 
John Kay of Bury for the flying shuttle, which he intro- 
duced about the year 1750. This was followed by the 
improvements of Dr. Cartwright, Mr. Thomas Johnson, 
Horrocks, and others, who adapted the loona to be worked 
by power. This was practised on a small scale, but did 
not come into general use till 1824-5. 

The Iron Trade of this country is one of the most 
important, and well entitled to consideration in tracing 
our national progress. It would be interesting, if time 
permitted, to notice the gradual advances which have been 
made during successive ages in the methods of reducing 
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the ores. The bloomery or open hearth was probably at 
first employed, the crude product being made malleable 
under the hammer. This simple process has been in use 
for thousands of years, and is still practised in Africa, 
Asia, and even in Spain, wherever the rich specular ores 
are found. At what period the bloomery gave place to 
the blast furnace it is impossible to determine : but we 
find that the process of smelting by the latter had arrived 
at considerable perfection in the seventeenth century, and 
castings made antecedent to that date are still preserved : 
at that time and up to. 1740, charcoal was the only fuel 
employed in smelting, and the consumption of wood for 
this purpose so threatened the destruction of the forests 
that prohibitions were issued, and the production of the 
furnaces reduced from 180,000 to 17,350 tons per annum. 
The introduction of pit coal for smelting, however, changed 
entirely the aspects of the iron trade, and from that time 
it has steadily progressed to its present enormous rate of 
production. 

In 1783-4 Mr. Cort, of Gosport, introduced the now 
universal processes of puddling and rolling in the manu- 
facture of wrought from cast-iron. When mentioning his 
name I cannot refrain from adverting to the gross neglect 
to which some of the greatest benefactors of mankind 
seem to be doomed, as their only reward for discoveries 
which have raised their country to a degree of opulence 
hitherto unknown in the annals of history. Cort, the 
pioneer of the iron trade, is one of the latest and most 
flagrant examples of this want of sympathy on the part 
of a highly favoured nation. 

The following returns illustrate better than any com- 
ments the steady increase of the iron trade : — 
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1740 

1788 
1796 
1820 
1827 
1854 



Tons. 
17,350 

68,300 

124,879 

400,000 

690,000 

3,069,874 



At the present time the annual produce cannot be less 
than 3,200,000 tons. 

Such has been the advance of one of the most important 
branches of industry, the support of almost all other trades^ 
and one which united to coal has afforded this country 
treasures more valuable than a thousand Californias. 

In closing this part of my subject, I must not omit to 
notice Mr. Neilson's application of the hot -blast and the 
facilities which it has afforded for the reduction of the 
ores and the greatly increased production of the furnace. 
Our iron trade has permanently taken a position which, 
above all other countries, is distinguished for the skill, 
economy, and magnitude with which its operations are 
carried on ; and we have reason to be grateful to an All- 
wise Providence, for having entombed in the bosom of 
our little island such immense and inexhaustible treasures^ 
for the use of its inhabitants and the glory of its name in 
every part of the globe. Without the advantages of coal 
and iron, which we possess in such abundance, this country 
would never have become the cradle of inventive genius 
nor the workshop of the world. 

Another benefactor to his country was found in Josiah 
Wedgewood, the founder of the porcelain or Staffordshire 
ware manufacture, so well known for its cheapness and 
beauty in every part of the globe. To the son of a poor 
potter at Burslem we are indebted for an entirely new 
branch of industry, and the many benefits we have derived 
in our domestic homes from the use of Wedge wood's 
pottery can only be appreciated by recollections w^'^^*^ 
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carry us back to the days of pewter plates and trenchers. 
Before Wedgewood's time the earthenware produced in 
this country was of the coarsest and meanest descriptioD, 
and the quantity produced^ even bad as it was, totally un- 
equal to the demand. In this state of the manufacture 
we were dependent upon Holland and other countries for 
our supply, until the genius of Wedgewood effected a com- 
plete change in the character of the trade^ and thus in- 
duced not only an ample supply for home consumption, 
but a large and growing export into the bargain. 

It might be interesting to trace the early career, and 
enumerate the troubles and difficulties he had to encounter 
in his experiments on earths containing silica: his pro- 
cess of calcination, and his process of vitrifaction in pro- 
ducing a transparent glass, effected a complete revolution 
in the manufacture, and ultimately produced those splendid 
specimens of stone and earthenware which, through his 
skill, industry, and that of the late Mr. Minton, have 
raised the manufacture of English porcelain to its present 
high state of perfection. 

Other branches of manufacturing industry have ad- 
vaueed at a similar rate, and I might instance the im- 
provements which have taken place in the machinery 
for spinning and weaving our woollen, silk, and linen 
fabrics, many of which had their origin in the latter part 
of the last century ; and the real source of which is to 
be found in the various inventions employed in the 
manufacture of cotton ; to these improvements, however, 
I cannot now advert, and I must leave for another even- 
ing the consideration of the further development of these 
branches of industry which have left their impress upon 
the face of the country and on the character of the present 
generation of men. 
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ON THE PROGRESS OP CIVIL AND MECHANICAL EN6I-> 
NEEUING DURING THE PRESENT CENTURY. 

In taking up again the subject of the progress of Civil 
and Mechanical Engineering, I must be permitted to ex- 
plain that a number of the distinguished men. who con- 
tributed to its advancement in the eighteenth century^ 
continued at the head of their profession during the first 
twenty to thirty years of the nineteenth. Rennie, Telford 
and Watt were still living when Bramah^ Brunei, Maudslay 
and Donkin rose to a high position in their respective pro- 
fessions. For nearly forty years between 1790 and 
1830, this phalanx of engineering talent had the field to 
themselves, and scarcely any work of importance was 
accomplished without one or other of them having been 
consulted. 

I well remember that in the early part of my own 
career, when I first entered London, forty-seven years 
ago, a young man from the country had no chance what- 
ever of success, in consequence of the trade guilds and 
unions. For myself, I had no difficulty in finding em- 
ployment, as it was granted me at once by Mr. Rennie : 
but before I could commence work, I had to run the 
gauntlet of the trade societies ; and after dancing attend- 
ance for nearly six weeks, with very little monr 
pocket, and having to " box-Harry " all the ti 
ultimately declared illegitimate, and sent adrift 1 
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fortune elsewhere. There were then three millwright 
societies in London — one called tfie old society, another 
the new society, and a third the independent society. 
These societies were not founded for the protection of the 
trade, but for the maintenance of high wages, and for the 
exclusion of all those who could not assert their claims to 
work in London and other corporate towns. Laws of a 
most arbitrary character were enforced, and they were 
governed by cliques of self-appointed officers, who never 
failed to take care of their own interests. It is true that 
in those days mechanical science was at a comparatively low 
ebb. Millwrights and mining engineers were in those 
days the only men calculated to execute a sound piece 
of mechanical work ; there were no mechanical engineers, 
and most of the steam-engines, pumps, mills, and other 
similar constructions were executed by that class ; and it 
is only doing them justice to say, that throughout the 
whole of the three kingdoms, they were the only men on 
whom the country could rely for the efficient discharge of 
these important duties.'* 

In those days a good millwright was a man of large 
resources ; he was generally well educated, and could draw 
out his own designs and work at the lathe ; he had a 
knowledge of mill machinery, pumps, and cranes, and 
could turn liia hand to the bench or the forge with equal 
adroitness and facility. If hard pressed, as was frequently 
the case in country places far from towns, he could devise 
for himself expedients which enabled him to meet special 
requirements, and to complete his work without assist- 
ance. This was the class of men with whom I associated in 
early life — proud of their calling, fertile in resources, and 
fiware of their value in a country where the industrial 
arts were rapidly developing. It was then that the mill- 
wright in his character of " jack-of-all-trades'* was in his 
element ; all the great works of the country connected with 
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practical mechanics were entrusted to his skill; and not- 
withstanding the intemperate habits of the period which 
too frequently trenched upon his time and his healthy he 
seldom failed in the duties he had to perform. It was no 
wonder, therefore, that at the commencement of the new 
movements in practical science, occasioned by the inven- 
tions of Watt and Arkwright, the millwright should assume 
a position of importance. Under these circumstances, to 
use the expression of the shops, the men were masters, all 
having, the same wages — seven shillings a day and their 
drink, and it was then, or some time before, that the 
societies of which I have spoken were formed, and con- 
tinued for years to exercise an unlimited sway over the 
talent and industry of the metropolis and other, corporate 
towns. I am sorry to say that the same intolerant and 
exclusive system is still in operation in particular trades, 
and it is much to be regretted that intelligent workmen 
cannot perceive its destructive influence on the comfort 
and prosperity of themselves and their families. It is 
in vain to point out the dangers arising from the con- 
version of benefit societies into trades' unions with paid 
secretaries, treasurers, &c. And the designs which these 
functionaries have upon the subscriptions are forgotten 
or neglected until the whole of the accumulated capital 
is involved in fruitless contests, and the men are left, 
without money and without employment, to bewail their 
imprudence in a state of helpless destitution. A few 
years ago there was a striking illustration of its injurious 
influence in the case of the " Amalgamated Engineers," and 
according to the Times of December last (1858), things 
are not much better in some cases at the present time. 
** The Letter Press Printers' Union affixes a stigma to all 
operatives who choose to take care of themselves, and 
venture to manage their own concerns. A printer not 

beloDging to the Union is called a ^ rat,' and Union men 
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positively refuse to work in his company.'^ This is no 
new case, as I have found from experience both as a 
journeyman and as a master ; and I leave it to the good 
sense of this meeting to decide whether it is just, whether 
It IS for the benefit of either the operatives or the pub- 
lic, that the energies of individuals should be thus crippled, 
and the exercise of their profession denied them from 
the illegal exercise of control by men who create, for 
their own selfish ends, only misery and discontent in the 
families whose interests they profess to represent. I 
mention these cases to show the injurious working of a 
system of protection and uniform pay, and the jealousy 
and exclusiveness of the trade guilds in maintaining the 
institutions of the fine old times of good Queen Bess*, 
when you had to be a seven years' apprentice or the 
eldest son of a journeyman or freeman of the city to 
which you belonged, before you were permitted to work. 
Such restrictions as these threw a blight over the bright 
opening days of a new era, and retarded our mechanical 
progress as much, if not more, than the expensive and 
sanguinary war in which we were at that time engaged. 
At the Peace of 1815 many of these evils were removed, 
and in giving to the nation rest it gave time for inquiry 
into abuses, which led more or less to the extinction of the 
exclusive system, and left open to all classes a fair field and 
no favour in the race of national progress. 

Probably no class has derived greater benefit from these 
changes than that to which I belong; it has now full 
scope, and I have to congratulate you that we live in an 
age and country in which every facility is aflPorded for im- 
provement, and where the inventive faculties are appre- 
ciated and fostered in every department of science and art. 

* It was considered in those days that an apprentice could not learn his 
trade or handicraft in less time than seven years, and hence the privUeges 
granted to corporate towns. 
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About the year 1785, John Rennie (who served his 
apprenticeship as a millwright with Mr, Andrew Meikle, 
of Phantassia, near Edinburgh, the inventor of the thrash- 
ing machine,) was employed by Boulton and Watt, in the 
erection of the Albion Mills ; and in the construction of 
the mill work and machinery of that establishment the pro- 
prietors received most able assistance from him. I believe 
he was the first to introduce cast-iron in improved forms and 
for purposes for which wood alone had previously been em- 
ployed, and displayed considerable skill in the adaptation 
of metal to such purposes. His water-wheels, mills, 
&c., were considered models of perfection, and the arrange- 
ment of the cistern, shuttle, &c., of the former was so 
nicely adjusted as to save every drop of water and turn it 
to account. The construction of this machinery led Mr. 
Kennie to the study of hydraulics and hydrodynamics, in 
which, from his native resources, he soon became celebrated 
as the worthy successor of Smeaton. As a millwright 
Mr. Kennie was one of the most successful in the profes- 
sion, and his works yet remain in the flour-mills at 
Wandsworth, the rolling and triturating mills of the mint ; 
and many others bear testimony to the accuracy and 
skill of the constructor. As an architect and engineer 
also, Mr. Kennie stands quite pre-eminent; and it Is 
almost impossible to enumerate the great works which 
emanated from his hands. As a bold and ingenious 
engineering work, we may mention Southwark Bridge, of 
three arches of cast-iron, which for solidity and span has 
not an equal even at the present time. For architectural 
beauty and harmony of curvature, no structure surpasses 
Waterloo Bridge ; and if to these we add the bridges of 
Kelso, Musselborough, Boston, New Galloway, and others, 
we shall find that as a bridge builder Mr. Rennie was 
without a rival, with the excej^tion only of Telford, during 

the whole of his useful career. Kennie, moreover, wiis largely 
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engaged In the construction of canals and harbours, and 
his opinion and assistance were * sought for from all 
quarters. During the greater tpart of his career a rage 
for canals prevailed, not dissimilar to that at a later period 
for railways. The Lancaster, Rochdale^ Portsmouth, 
Birmingham, Grant Western and Crinan canals ; the 
Plymouth breakwater, and the docks at Hull, Greenock, 
Leith, Liverpool, Portsmouth, Chatham, and Sheemess, 
bear witness to Bonnie's skill as a civil engineer ; and so 
multifarious were his resources, so persevering his industry 
and sound his judgment, that no one will be disposed to 
deny that he worthily earned a niche in the temple of 
fame. It is recorded of him that his conversation was 
always instructive and amusing ; he possessed a rich fund 
of anecdote, and like his old friend, James Watt, would 
tell a Scotch story with a relish and humour highly 
characteristic. 

Next to Rennie, and equally renowned as a civil en- 
gineer, was Telford, the son of a shepherd, bom in 1757, 
in the pastoral district of Dumfries and Roxburgh, and 
brought up to the trade of a stone-mason. He received 
the rudiments of his education in the parish school of the 
village of Westerkirk during the winter time, and in 
summer he assisted his uncle as a shepherd. Whilst 
thus occupied he procured some books from his village 
friend:?, and by these means employed his time to good 
purpose. In early life he was a poet, and during the 
time he was a stone-mason, and even for some time after 
he left Scotland, he cultivated the muses and published 
at Slirewsbury a poem, entitled *' Eskdale," descriptive of 
the scenes of his early life : — 

" Here lofty hills in varied prospect rise, 
Whose airy summits mingle with the skies, 
Round whose green brows and by the aged thorn, 
The early shepherd seeks his flock at morn ; 
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Or on ihe sannj side, at noontide laid, 
Sees his white charge in gay profusion spread. 
While round the knowe, beneath the inspiring san, 
His bounding lambs their playful races run." 

He also wrote and published an address to Kobert 
Bums in the Scottish dialect ; but these flights of the 
imagination ultimately gave way to the more engrossing 
duties of a profession, upon the success of which his fame 
now rests. 

Telford, though an older man than Rennie by four 
years, did not come into notice as an engineer until the 
latter had attained to considerable distinction. Towards 
1792-3, we find him practising as an architect and surveyor 
in the county of Salop, and there he commenced his 
career as a bridge builder and engineer. His first bridge 
worthy of notice was that over the Severn at Mountford, 
near Shrewsbury; it consisted of three elliptical stone 
arches, one of fifty-eight feet and two of fifty-five feet 
span. His next bridge was of iron, and crossed the 
Severn at Build was; it was of 130 feet span, being the 
segment of a large circle, which gave a grace and beauty 
to the structure, not to be found in the semi-circular 
bridges previously constructed. From this time iron be- 
came more general in the construction of bridges, and its 
use enabled the builder to reduce the number of piers, 
and thus to give greater facilities for the passage of floods 
and the free navigation of rivers. Telford showed great 
merit in his improvements of these structures, in the 
various elegant bridges which he subsequently erected. 

Amongst the boldest designs of this kind were the 
colossal cast-iron bridge proposed to be erected over the 
Thames, and the wire bridge of one span of 1000 feet, 
and two side spans of 500 feet, designed to cross the 
Mersey at Buncom Gap. Neither of these were executed, 
but Telford has left splendid monuments of his skill in the 
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Menai and Conway Suspension Bridges, with many others, 
both of stone and iron, which establish his position as one 
of the leading: engineers of his time. 

In the construction and improvement of canals and har- 
bours, Mr. Telford was equally successful; and we may 
instance the Gotha Canal in Sweden, the Caledonian Canal, 
and several others of nearly equal importance at Birming- 
ham, Glasgow, Paisley, &c., as examples of his skill. To 
these works must be added his improvements of the har- 
bours of Aberdeen, Dover, and the Clyde, and the new 
outfall of the North Level Drainage. Telford's name is 
also associated with some very important works of road- 
making, and in this department of engineering he is with- 
out a rival. Before the introduction of railways the 
means of transit were brought to a high state of perfection 
by the improvements of the turnpike roads ; and the new 
system of road-making, first introduced by Mr. M*Adam, 
was extensively carried out upon sound principles of con- 
struction by Telford. Most of us will remeniber the per- 
fection of stage-coach transit, antecedent to 1830, and the 
bustle and activity created in every little town along the 
great thoroughfares of the kingdom, by the arrival and de- 
parture of the mail and stage coaches. The admirable 
working of this system, which created so much astonish- 
ment in the minds of foreigners, owed much of its success 
to the sound principles of road-making, solid foundations, 
smooth surfaces, and effective drainage, carried out by 
Telford.* 

In closing this sketch, I must not omit to^otice the many 
excellent qualities of Telford's private character, and of 
these I can speak from personal acquaintance. He united 

* The smooth and beautiful roads in the Highlands of Scotland were 
executed by the late Mr. Mitchell and his son, the present intelligent 
engineer, under the direction of Mr. Telford. 
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io a mind endowed with philosophical acquirements great 
benevolence and goodness of heart, which rendered him ac- 
cessible to all who required his assistance ; and the young 
aspirant after knowledge was sure to find an encouraging 
patron and noble example in Thomas Telford. He was 
succeeded in his professional career by Mr. James Walker^ 
whose works in harbours, docks, &c., are so well known. 

Steam Navigation, of which we have not yet spoken, 
is of much greater antiquity than most persons, suppose. 
It is said that Dr. Papin suggested the use of steam 
to work paddle-wheels as early as 1690, and that he 
actually propelled a vessel on the Fuldaby one of Savery's. 
engines in 1707, How far this statement is entitled to 
credit I am not prepared to say ; but Jonathan Hulls took 
out a patent in 1736 for a boat with paddle-wheels over 
the stern ; and the Compte D'Auxeron and M. Perrier are 
stated to have made experiments upon a paddle-wheel 
steamboat in 1774 ; but, like most other premature inven- 
tions, these remained unproductive for many years. 

In 1788, Mr. Miller, of Dalswinton, assisted by Mr. 
Taylor, then in the capacity of tutor in his family, made 
the first certainly successful trial of a steam-boat worked 
by an engine and paddle-wheel. The boat was a twin 
boat with the wheel in the middle, and driven by an 
engine with a cylinder of four inches diameter. This 
engine is, I believe, in the Government Museum at Ken- 
sington Gore. The following is the account of the expe- 
riment which appeared in the newspapers at the time : — 
*^0n the 14th instant a boat was put in motion by a 
steam-engine upon Mr. Miller's piece of water at Dal- 
swinton. That gentleman's improvements in naval affairs 
are well known to the public. For some time past his 
attention has been turned to the application of the steam- 
engine to the purposes of navigation. He has now accom- 
plished, and evidently shown to the world, the practica- 
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bility of this by executing it upon a small scale. A vessel 
twenty-five feet long and seven feet broad, was on the 
above date driven with two wheels by a small engine. It 
answered Mr. Miller's expectations fully. The engine 
used is Mr. Symington's new patent engine."* 

This experiment led to a second essay by the same 
parties upon a larger scale. In the autumn of 1789 a 
boat was fitted up upon the Forth and Clyde Canal, and 
engines with 18-inch cylinders placed in it; on trial a 
speed of six to seven miles an hour was easily obtained, 
From some unaccountable cause Mr. Miller neglected to 
patent his invention, after having established at very great 
cost, the practicability of employing steam as a motive 
power in the propulsion of vessels. 

The next most important experiment upon this subject 
was made in 1801-2, when Lord Dundas, of Kerse, with 
the assistance of Symington, built a boat for towing vessels 
upon the Forth and Clyde Canal. This vessel, named 
the Charlotte Dundas, obtained, with an engine of twenty- 
two inches cylinder and four feet stroke, an uninterrupted 
speed of seven miles an hour. 

** In this vessel (fig. 34), there was an engine with the 
steam acting on eacii side of the piston, working a con- 
necting rod and crank, and the union of the crank to the 
axis of ^tiller's iniproved paddle-wheel. Thus had Sym- 
ington the undoubted merit of having combined together 
for the first time those improvements which constitute the 
present system of steam navigation."t 

The early experiments of Miller, Taylor, and Symington, 
of this country, had scarcely become known at the time 
of the realisation of AVatt's great discovery of the double 
action condensing engine, when the enterprising Ameri- 
cans began to attempt the application of steam to the pro- 

♦ Bonnet Woodcroft's History of Steam Navigation, p. 3fi. 
t Bennet Woodcrof>, p. 54. 
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pulsion of vessels. Finch, Ramsey, and Stevens were 
early in the field, but it was reserved for Fulton to give 
the crowning effort to all previous experiments by the 
introduction of his first boat on the Hudson in 1807—8, 
where it plied between New York and Albany as a regu- 
lar packet-boat. From that time the Huds?on has been 
the scene of most of the improvements in steam navigation 
that have taken place on the American waters. 

From the period of these experiments down to the 
present time a succession of improvements have led to 



Fig. 34. 




the employment of steam-vessels to so great an extent 
as to change the relations of all countries, and to esta- 
blish a new era in the history of navigation. The paddle- 
wheels of steamers have undergone several modifications, 
such, for instance, as Morgan's and Galloway's patent 
wheels, with a vertical rise and dip of the float boards ; 
but the greatest advance which has yet been made 
is the introduction of the screw-propeller. There are 
many claimants for this invention, but none are better 
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entitled to the credit of practically introducing it than 
Captain Smith and my friend, Mr, Bennet Woodcroft 
As early as 1830 I witnessed the performance of Mr. 
Woodcroft's working model, with a screw on each side of 
the vessel, and since then he has introduced the variable 
pitch, and improvements for connecting and detaching the 
screw when the vessel is under canvass. Captain J. P. 
Smith, however, was the first to apply the screw in a 
practical form, and I well remember the trials of the 
" Archimedes " on the Thames some twenty years ago, 
the results of which took the nautical world by surprise, 
and created no small degree of alarm in the minds of the 
advocates of non-progression and let-well-alone. Now 
the screw has become one of the most important instru- 
ments of propulsion both in vessels of war, where the pro- 
tection of the implements of motion from injury by cannon 
shot is absolutely requisite, and also as a principal or 
auxiliary in our mercantile marine. 

What great advantages we have received from this ex- 
tension of steam power I How much the danger to life 
and property has been diminished ! What certainty and 
despatch have been secured in spite of wind and tide, in 
the conveyance of intelligence, the transport of troops, 
and the interchange of natural and manufactured products ! 
But looking onwards from these realised benefits, we must 
admit that the same power which moves vessels of great 
size with so much celerity, and gives so many advantages 
to the country in its commercial relations, is nevertheless 
a source of danger as well as security, in the facilities it 
affords for sudden incursions by hostile armaments, at 
various points along our unprotected coasts. The exten- 
sive use of steam in the Navy will necessitate an entirely 
new system of tactics, and the sooner the Government is 
alive to the existence of the danger from this source which 
our own improvements in marine propulsion have created, 
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the sooner we shall be prepared to repel aggression from 
whatever quarter we may be assailed. It is well known 
that every change in our habits and conditions of life is 
sure to be resisted " tooth and nail " by all those who 
wish to maintain the dignified position of ** as you were." 
This standing at ea^e is out of fashion now-a-days, and 
we must either move on, or be left a stranded wreck in 
the tide of progress. I am most desirous to impress these 
facts upon you, and upon the authorities of the Admiralty, 
where so much must be done in initiating a new system 
of naval tactics before we can be prepared for the exi- 
gencies of a maritime war, possibly not far distant, and 
which, whenever it arrives, will have to be maintained by 
the agency of steam. Steam rams may or may not come 
into use, but it is certain that increased steam power and 
increased speed in the Navy may give to the nation that 
ascendency in maritime affairs which more than anything 
else is its greatest security considered in its relations with 
other countries, I am, therefore, most anxious to see our 
own Navy foremost in power and perfect in discipline, so 
that England may long continue in pride and glory the 
mistress of the seas. 

Iron Shipbuilding. — This Is a subject with which I 
have been intimately connected for many years, and to the 
advance of which I have had the honour of contributing. I 
was the first to commence iron shipbuilding In London, and, 
I believe, was the second to send an iron vessel to sea. 
From 1829-30 to 1848 I built upwards of 120 iron vessels, 
some of them upwards of 2000 tons burden, and nine of 
which were built in sections at Manchester, and the re- 
mainder on the banks of the Thames at Mill wall. If time 
permitted I could give you the whole history of this 
important branch of industry, and show from what small 
beginnings one of our largest branches of industry has 
sprung. Suffice it to observe that in 1829-30 Mr. Hous- 
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ton, of Johnstone, near Paisley, launched a light gig-boat 
on the Ardrossan Canal for the purpose of ascertainiDg 
the speed at which it could be towed by horses with three 
or four persons on board. To the surprise of Mr. Hoofl- 
ton and the other gentlemen present it was found that 
the force of traction, or labour the horses had to perform in 
towing a light boat of this description, was much greater at 
a velocity of six or seven miles an hour than at nine miles 
an hour. This anomaly in the trials was puzzling in the 
extreme, and it was in this stage of the experiments that 
I was requested by the Council of the Forth and Clyde 
Canal to visit Scotland and institute a series of experi- 
ments with light boats in order to determine the law of 
traction, and to clear up the anomalies of Mr. Houston's 
experiments. 

The Forth and Clyde experiments commenced in the 
spring of 1830, first with wooden, and ultimately with 
light iron boats ; and these experiments led to the con- 
struction of iron vessels upon a large scale and on an 
entirely new principle of construction, with angle iron 
ribs and wrought iron sheathing plates. With the ex- 
ception of these iron canal boats the first iron vessel was 
made in 1822, and was navigated from this country to 
Havre de Grace by Admiral, then Captain, Napier, with 
the intention of employing it upon the Seine. The next 
iron vessel was built by myself, at Manchester, and 
another (the Alburka) by Laird, both of which were com- 
pleted, and went to sea in 1831. From that time to the 
present iron vessels have been built of all sizes, from 
the smallest wherry up to the Leviathan of the Great 
Eastern Navigation Company. 

The experiments on the Forth and Clyde Canal occupied 
a series of years, and no less than five experimental 
vessels were made at a cost of several thousand pounds; 
the results not only elucidated the phenomena of diminished 
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traction at high velocities, but led to a new construction of 
iron vessels, and other structures, of which wrought- iron 
formed the whole or the principal material. These 
experiments, however, did not accomplish the ardent 
wishes of the proprietors of canals, who at that time 
were alarmed at the progress of railways, in consequence 
of the competition at Rainhill, in the same year, for the 
best locomotive engine. It was then railways versus 
canals; and although in the experiments we obtained a 
velocity as high as fourteen miles an hour with a light 
boat drawn by horses, we never could obtain more than 
seven and a half to eight miles by steam. 

Iron Houses. — Iron as a building material is not 
confined to ship-building alone ; it is employed in almost . 
every other department of useful art, and is now largely 
applied to the construction of houses. When cast and 
wrought-iron are united in these consti'uctions, they form 
some of the most convenient and beautiful combinations 
possible. All the forms of highly decorative architecture, 
cornices, mouldings, &C.3 can be produced in castings from 
j)attern models ; and these united together with plates 
either corrugated or plain, and securely riveted to a frame- 
work of angle or T iron, give to a house of this kind 
erected upon a basement of stone or brick the charac- 
teristics of a cheap and handsome edifice. Warehouses, 
shops and private residences are now built in this way, 
and I might instance the large edifices recently erected in 
New York, Glasgow, and other places, where the whole of 
the street fa9ade is constructed of iron, and that in a style 
of architecture perfectly symmetrical and in harmony with 
the finest stone buildings in either city. 

As a material for street architecture, it is admirablv 
adapted, from its powers of repetition and security from 
fire ; and I am one of those who have great faith in iron 
walls and iron beams, and although I have both spoken 

Q 
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and written on the subject, I cannot too forcibly recom- 
mend it to public attention. It is now twenty years since I 
constructed an iron house with the machinery of a corn mill 
for Halil Pasha, then Seraskier (commander-in-chief) of 
the Turkish army at Constantinople. I believe it was the 
first iron house built in this country, and was constructed 
at the works at Mill wall, London, in 1839. 

Iron Bridges form another class of constructions in 
which, of late years, iron has been most extensively em- 
ployed, both in its cast and malleable conditions. Iron is 
employed for bridges on three principles, the suspension 
chain, the horizontal beam or girder, and the arch. The 
earlier bridges were of cast-iron, and were erected in the 
form of large semicircular arches, sustained by heavy 
abutments, formed of masonry. The introduction of cast- 
iron in this form dates from a period not more remote than 
1779, when Mr. Pritchard, with the aid of Messrs. Darley 
and Reynolds, constructed a bridge over the Severn at 
Colebrookdale, and even in this first attempt it indicated 
its superiority over stone for large spans. From that time 
to the present a very large number of cast-iron arched 
bridges have been erected, both for railway purposes and 
for ordinary road traflic, but none of them have exceeded 
250 feet span. 

The introduction of railways created a demand for a 
great number of bridges of small span for crossing roadways 
and canals, in cases where it was requisite that the depth 
of the bridge should be as small as possible. For spans of 
forty to fifty feet, this demand has been admirably met by 
the introduction of cast-iron beams, with a perfectly hori- 
zontal soffit, but for larger spans they are objectionable and 
dangerous. The best form for larger spans, where cast- 
iron is required to be used, is the flat arch with a versed 
sine of about l-20th the length of the chord. This de- 
scription of girder partakes of the properties of the beam as 
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well as the arch; it does not depend entirely upon voussoirs^ 
as an arch of equilibrium, being partly retained in form by 
the unyielding nature of the abutments resisting the 
thrust of the arch ; and from its connection at the joints 
by bolts, it becomes a beam with a large camber, support- 
ing the load by its resistance to compression and extension, 
along the top and bottom flanches. 

The true development of girder bridges was not, how- 
ever, attained, until the experiments in connection with 
the erection of the Conway and Britannia tubular bridges, 
determined the true forms and proportions in which 
wrought-iron should be distributed to resist the enormous 
strains to which bridges of wide span are subjected. 
Wrought-iron as a material for bridges is free from the 
objections which attach to cast-iron; it is uniform in 
strength and texture, of well-ascertained properties, en- 
tirely free from those irregular strains to which cast-iron is 
subject from unequal contraction in cooling ; and, more- 
over, its tensile and compressive strengths when arranged 
in suitable forms do not bear so great a disproportion to 
each other as is the case with cast-iron. Hence the intro- 
duction of wrought-iron for railway and other structures 
in which certainty of construction and security from danger 
are required, has proved to be one of the most important 
eras in the history of bridges. 

It will not be necessary to trace the origin and course of 
the experiments which were instituted to determine the 
proper form and dimensions of the tubular bridges which 
cross the Conway and the Menai Straits. Suffice it to 
observe, that in the construction of the Chester and Holy- 
head railway, it was found necessary, in order to comply 
with the demands of the Admiralty (who watched over 
the interests of the navigation of the Straits), to erect a 
bridge of colossal dimensions, having four spans, and leav- 
ing a clear opening on each side of the centre pier of 460 
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feet, with an elevation of 100 feet from the level of high 
water to the bottom of the bridge. 

This could not have been accomplished by the ordinary 
applications of iron, such as cast-iron arches or chain 
bridges ; the former not giving suflScient height above the 
water-level, and the latter from their flexibility being un- 
suited for the support of railway trains. It was ultimately 
conceived that huge wrought-iron elliptical tubes, supported 
by chains, through which the trains should pass, might 
meet the demands of the Admiralty. But before this con- 
ception was adopted, a laborious series of experiments 
was instituted, which pointed out the defects of the 
elliptical tube, gave the true principle on which such 
a structure should be designed, determined the for- 
mulas for calculating its strength and proportioning its 
parts, and thus established an entirely new system of con- 
struction. The Britannia Bridge was then erected, and 
with its companion at Conway remains with hundreds of 
others composed of the same material and upon the same 
principle of construction, memorials of the accuracy of the 
investigations which led to the introduction of wrought- 
iron in this and other systems of adaptation. The tot«il 
length of each tube of the Britannia Bridge is 1524 feet; 
height in the middle, 33 feet; and width, 14 feet 8 inches. 
The total weight of iron amounts to the enormous quantity 
of 10,570 tons. The Conway Bridge is of smaller dimen- 
sions, consisting of one span of 400 feet, crossed by two 
tubes, each 424 feet long, 25 feet 6 inches in height at 
the middle, and 14 feet 8 inches wide. The weight of 
iron amounts to 2892 tons. 

Since the erection of these bridges wrought-iron has 
been extensively employed for girder bridges of all spans 
up to 500 feet, and it is capable of being extended if 
necessary to spans of 1000 feet. 

Prime Movers. — From 1784 to 1815, the cotton 
trade, with some fluctuations, made considerable progress; 
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but the steam-engine was comparatively little appreciated 
or applied. In the earlier stages of manufacturing in- 
dustry, the mills were erected on streams with waterfalls 
of sufficient power to turn their machinery. Hence the 
distribution of the mills over the country — as at Cromford, 
Belper, Bakewell, and Darley. At the commencement of 
my own Career this was the condition of some of the largest 
cotton works in the kingdom. At the present time water, 
as a motive power, is only of secondary consideration, nine- 
teen-twentieths of the mills now in existence being driven 
by the steam-engine. I well recollect the skill, beauty, 
and solidity with which the water-wheels were constructed 
when water was generally the motive power. The best of 
these wheels were made entirely of iron, on the principle of 
suspension, the arms not exceeding two or two and a quarter 
inches in diameter, and the power being taken off from 
the periphery by a pinion on the loaded side of the wheel. 

Mr. T. C. Hewes is justly entitled to the merit of these 
improvements, and was assisted by the late Mr. Strutt, 
of Belper. The most important of the recent improve- 
ments of the water-wheel are, however, the ventilation of 
the buckets and the use of cotters in the place of nuts and 
screws for fixing the arms and braces to the centre flanges 
of the wheel. 

Fig. 35 represents a large water-wheel of iron, of the best 
modern construction, and erected at Gefle, by W. Fairbairn 
and Sons, near Stockholm, in Sweden. This wheel is 40 
feet in diameter, and 20 feet broad, or 18 feet between the 
shrouding plates. It is supported on the large cast-iron 
axis, a a, by means of the small wrought-iron arms, c c, 
and braces b J, on which the wheel is in fact hung or 
suspended. The arms are attached to the shrouding 
plates g g, and at the other end to the main centre, to 
which they are fixed by gibs and cotters. The braces are 
similarly attached diagonally between the main centre 
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There is therefore (1.) the water-wheel segment, rf, with 
324 teeth of 4|^ inch pitch, and 14 inches width, giving 2 
revolutions per minute, geared into, — 

(2.) Pinion e^ 6 feet 1 inch diameter, giving 12*3 revo- 
lutions of cross shaft. 

(3.) Spur-wheel/, 20 feet diameter, geared into pinion 
g, 5 feet 6 inches diameter, giving 43 revolutions per minute 
to second cross shaft* 

(4.) Bevel- wheel A, 7 feet 8 inches, geared into bevel 
wheel A, 4 feet 1^ inches, giving 80 revolutions of upright 
shaft i of mill. 

The power of this wheel is equivalent to 150 horses. 

Figs. 36 and 37 illustrate the construction and details of 
two pairs of condensing beam engines of 400 total nominal 
horses power, employed in driving the machinery for pre- 
paring spinning and weaving alpaca fabrics in the exten- 
sive mills of Titus Salt, Esq., of Bradford. They may 
serve as types of the present development of steam prime 
movers. These engines are arranged in two large engine- 
houses on either side of the front entrance to the mill 
buildings, and they are supplied with steam from ten 
boilers placed in a boiler-house beneath the surface of the 
ground, and a short distance in front of the mills. Fig. 36 
shows a side elevation of one of these engines, giving a 
general view of the arrangement of the parts, and fig. 37 
a cross section. The power generated in the cylinder e, 
and transmitted through the working beam J J to the 
large fly-wheel w, 24 feet in diameter, is taken direct 
from its circumference by the pinions pp, which give it 
off at the required velocity to the shafting of the mill. 
This arrangement has become very general for factory 
engines, and is the most effective and economical plan for 
generating at once the high speed which they require. 

The valves are of a peculiar construction, being a modi- 
fication of the double heat or equilibrium valve invented 
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by Mr. Hornblower, and tliey have the merita of aSbrdine 
any required amount of expansion, with* a rapid cut off, 
and nbsence of wire drawing, and a fully open paeeage to 
the condenser duringthe whole of the stroke. Inordinary 
working these engines give 900 actual horses power, 

Fig. SA. 



although they are capable of considerably more. They 
burn 16 tons of slack coal per day. 

The following dimensions are given that they may be 
compared with the engines selected for illustratiou in ray 
fonner lecture, and the progress made in Boechanical 
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jience »nce the time indicated by the more early develop- 
lents in practical science : — 



Diameter or cjlmder . 

Length of bentn . 
Diameler of flj wheel . 
Pressare of steam in boiler . 
Nominal power of each engine 
Indicated or working power, at 

ns.ooo lbs. raised one foot high 

in aminnte, or the actual power 

given out by each engine, is 

equivalent to . . . . 300 horses. 

Fig. 37. 



50 incbea. 
7 feet. 

51 feet 7 inches. 
34 feet 
ao lbs. per eqaare incb. 

100 borses. 
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MiLLWOBK. — In the machinery of transmission as 
great improvements have been made as in any other 
department of practical science^ and I have to attribute 
my own success in life to the changes which it has been 
my privilege to introduce into this class of machinery. 
When I first entered Manchester the mills were driven 
by large square cast-iron shafts (fig. 38), on which huge 
wooden drums revolved at the rate of about forty revolu- 
tions per minute ; and the couplings were so badly fitted 
that you might hear them croaking at some distance 
from the mills. Now, the wheels, and shafts (fig. 39) are 





Fig. 39. 



executed with an almost mathematical precision, and instead 
of huge drums four or five feet in diameter, revolving 
thirty or forty times a minute, we have small light 
turned pulleys, keyed upon polished iron shafts, revolv- 
ing at 120 to 200 times per minute. In figs. 3d and 39 
the change is apparent, as both shafts are calculated to 
perform the same amount of work, notwithstanding their 
apparent difference in size and strength. The introduction 
of lighter shafting led also to the simplification of the 
hangers and fixings by which it is supported^ and to the 
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introduction of the half-lap coupling, so well known to mill- 
wrights and engineers. The fly-wheel of the engine waa 
also converted into a first motion by the formation of teeth 
on the periphery (w, fige. 36 and 37), which resulted in a 
considerable saving of cost and power. Thia system waa 
at first condemned by some of our leading engineers, and 
it was with difficully that I overcame the opposition they 
created ; indeed it was not until a wheel of thirty tons 
weight for a pair of engines of 100-horse power each was 
erected, that the prognostications of failure entirely ceased. 
The principle has now become general wherever steam is 
employed as a motive power in mills. 

rig. 40. 



COEN MILLS. 
Pig. 42. 
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day, it will be seen that the pairs of stones^ twelve in 
number (a a a) are arranged in a single line, enclosed in 
iron cases, and supported on strong iron framing {b A). 
The power required to drive the mill is obtained from a 
steam-engine, the fly-wheel of which gears into the 
pinion c, and the motion is then distributed on each side 
to the stones by the bevel wheels ddd. The wheat, as it 
is brought to the mill, is first delivered in its uncleaned 
state into the wheat garners ff g, situated upon the 
machine flat. From these it is passed by means of Archi- 
medean screw creepers to the wheat screen or smut 
machine A, whence it falls into an elevator through the 
spout I, which raises it again to the upper story; it is 
thence distributed by another creeper into the clean wheat 
garners kkh ; from these it passes by the feed pipes ///, 
to the feed hoppers of the stones q^ and after being ground 
to flour is raised again by a creeper and elevator to the 
machine floor, where it passes through the dressing and 
bolting machinery. Fig. 42 is a section of a pair of stones 
with its driving and feeding apparatus, stone case (a), 
rhind (tw), bed stone {n\ and running stone (/?). Such a 
mill as this will grind 70 to 90 bushels of wheat per hour, 
according to the dryness of the grain employed. 

Railways. — In tracing a faint outline of the progress 
of practical science and industrial art, we have yet to 
notice one of the most important improvements that has 
ever occurred in ancient or modern times. The railway 
system, combined with the locomotive engine, is both a dis- 
covery and an invention, and the introduction of these de- 
velopments, contemporaneously with the progress of steam 
navigation, has changed the destinies of nations, and 
brought the most distant and barbarous races within the 
reach of civilisation, 

Mailways are of comparatively remote origin, having 
ii«e for upwards of two hundred years, as may be 
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seen from records of the collieries of Northumberland, 
dating from the time of Charles the Second. I still re- 
tain a distinct recollection of being employed, in 1807, 
at the Percy Main Colliery, in making patterns for 
cast-iron fish-bellied rails and these were amongst the 
first, if not the first, iron rails introduced as a substitute 
for wood. For many years after this cast-iron was em- 
ployed, and it was not until the locomotive rendered a 
tougher material requisite that wrought-iron was substi- 
tuted for cast. The form of section of these rails was at 
first defective in the extreme, but they have since been 
constructed on sounder principles, and of stronger and 
heavier proportions. 

Iron roads, however, are of little value without the 
locomotive engine, and the latter we owe exclusively to 
the marvellous developments of the last forty years. 
Imperfect and premature attempts were made to introduce 
steam as a motive power for carriages more than a hundred 
years ago ; and Mr. Murdock, of Soho, made a working 
model of a locomotive-engine at the close of the last 
century, which I have myself seen travelling on a 
circular railway at the rate of five miles an hour. Mn 
Trevietheck also made a locomotive-engine in 1804, 
which was mounted on a carriage with four wheels, and 
worked on an iron tramway at Merthyr Tydvil, dragging 
waggons loaded with fifteen tons of iron for a distance of 
nine miles in rather less than two hours. Mr. Blenkinsop, 
however, introduced the first really successful engine at 
Leeds in 1812. This engine worked for many years, and 
in order to prevent the wheels from slipping, racks were 
introduced upon the rails with large hollow cogs, into which 
the corresponding teeth on the wheels worked. This 
contrivance, however, was soon abandoned, the adhesion 
of the wheels to the rails being found suflScient to prevent 
slipping. 
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The Eucees3 of Blenkinflop'a engine induced the coal- 
owners of Newcastle to make a similar experiment on 
their tramways, with a view of dragging the empty wag- 
gons up the inclines in this way. It was in these and 
subsequent experiments that George Stephenson first 
became known, whose skill and exertions have since so 
deservedly earned for him the title of the " Father of 
Kailways." He was one of the most courageous and per- 
Bevering engineers this country has produced. Endowed 
by nature with great powers, although comparatively un- 
cultivated and uninstructed, he never lost sight of the 
object of his pursuit, and his never tiring energy of cha- 
racter carried him successfully through difficulties which 
would have crushed more ordinary men. George Stephen- 
son was never afraid of work, and by the constant exercise 
of a sound judgment, combined with indomitable perse- 
verance, he was led to the honourable accomplishment of 
the great work he had to perform. Such was his character 
when I first worked an engine for him on the Tyne, and 
such was the man when I last parted with him a few 
weeks before his death. 

Time will not permit me to enter into detail on the pro- 
gress of the locomotive engine, in all the changes and trans- 
formations through which it has passed. Suffice it to 
observe, that Mr. Jonathan Foster, of Wylam, near 
Newcastle, was among its first improvers; he connected 
all the four wheels by spur gear, first dispensing with the 
tooth work on the wheels and rails. Stephenson then 
altered the positions of the cylinders and wheels, improved 
the flues and furnaces of the boiler, and introduced the blast 
into the chimney, one of the most important elements 
in the success of the locomotive. A long and angry con- 
test has been carried on in the journals as to the priority 
of the invention of the blast, but I have every reason to 
^liiTik it belongs to Stephenson, as I have heard him claim 
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its introduction, and have no reason to doubt his veracity, 
or that he was quite equal to the task. Mr. Trevithick 
is, however, said to have introduced the exhaust or waste 
steam pipe into the chimney in 1806, to obviate the noiae 
occasioned by the steam rushing into the air, and he is re- 
ported to have found that a greatly increased draught and 
a diminished consumption of smoke and fuel resulted from 
this modification. 

The trial of locomotives at Rainhill, in 1830, at which I 
was present, developed entirely new principles in the action 
of the steam engine, and indicated by its unexpected results 
the high velocities which would follow the employment of 



Bteam power upon railways, although at that time neither 
Mr. Stephenson nor any one else had any adequate con- 
ception of the benefits which the extension of railways 
has already secured. It was the general belief of tha 
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interested in the trial that a speed of ten or twelve miles 
an hour was the ntmci^t that could be obtained^ although 
an able writer in the Seotsmam had argued some months 
before that the odIt limit to speed was the power of the 
engine. The blast of waste steam in the chimney^ the 
introduction of small tubes in the boiler, as suggested by 
Mr. Henry Booth, and the enlargement of the furnace, 
were the great improvements of the locomotive engine, 
and were all exhibited in the ** Rocket** of George Ste- 
phenson. This engine, which is shown in fig. 43, was 
the successful competitor at the Sainhill trial. From 
1830 to the present time little or no change has been 
made in these principles of construction, but great mo- 
difications of the arrangement and of the details have been 
effected, and with these the locomotive is now one of the 
most |»erfect and effective machines ever constructed. 

In my former address I gave an estimate of the total 
horse-power of the locomotives of the United Kingdom. 
I will now give you some idea of the energy of a single 
locomotive engine. When travelling at forty miles an hour, 
with a pressure of 90 lbs. per square inch on the piston, it 
will be found that a large locomotive exerts a force equiva- 
lent to about seven hundred horses ; and these data, so well 
calculated to astonish the unreflecting, should make us 
proud of the country where such triumphs have been 
achieved. Had it not been for Mr. Stephenson's un- 
flinching energy in maintaining his opinions, single-handed, 
against large majorities, the country and the world might 
have remained for many years without the advantages 
which our railway system has conferred upon all classes 
of the comniunitv. 

It is an agreeable task to enumerate the merits and pay 

tribute to the memory of men who have done so much for 

their country. The name of George Stephenson will stand 

mie those of Brindley and Telford and Watt, amongst 
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the pioneers of progress by whose aid mechanical science 
and art have attained their present high state of per- 
fection. 

In conclusion^ I can only allude in passing to one of the 
greatest wonders of our age, the electric telegraph ; and 
although not, strictly speaking, within the province of 
mechanical art, it may safely be included among the 
achievements of the last half century of which we have 
been speaking. The phenomenon of the electric cur- 
rent, when practically employed in the transmission of 
intelligence, cannot be viewed in any other light than 
the crowning triumph of the age ; and it must ever be 
a subject of congratulation to us that in our lifetime 
the spark of heaven — ^if I may use the expression — was 
commissioned to be our swift obedient minister in con- 
veying thought and intelligence from man to man (ir- 
respective of distance or of time) to the remotest parts 
of the earth. 
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LECTURE V- 

THE STRENGTH OF IBON SHIPS. 

[Bead before the Polytechnic Institute in Liverpool, and at the opening 
Session of the Institute of Naval Architects in London.] 

It is nearly thirty years since the construction of iron 
ships for sea-going purposes was first entered upon ; and I 
believe I was the first to show^ in conjunction with Messrs. 
John and McGregor Laird of Birkenhead, the superior 
strength and security of iron vessels. After a long series 
of experiments in the construction of diiferent forms and 
dimensions, it was found that the resisting powers of an 
iron vessel, when properly constructed, could be depended 
upon for navigating the open sea, and was much better 
calculated, as respects lightness, capacity for cargo, &c., 
than one composed of the best English oak. These con- 
siderations induced Messrs. John and McGregor Laird 
and myself to commence iron-ship building on a large 
scale, and thus to realise an expensive and laborious series 
of experiments on the value of these constructions. Hence 
I founded the works now occupied by Messrs. John Scott 
Kussell and Co. at Milwall, London, in which establish- 
ment (carried on under my own direction from 1835 to 
1848) upwards of one hundred vessels were built; and the 
applicabiUty of iron to the purposes of naval architecture 
was then and has since been fully demonstrated in the con- 
struction of several splendid steamers, such as the Great 
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Britain^ the Persia^ and the Great Eastern^ and also of 
sailing vessels of very large tonnage. 

But although considerable improvements have been in- 
troduced in the design and construction of iron vessels 
during the last quarter of a century, the subject does not 
seem to have been theoretically or practically investigated 
to the extent to which the importance of the subject so 
justly entitles it. My own experiments related chiefly to 
the strength of the material itself, its distribution, and the 
value of different kinds of riveted joints as compared with 
the solid plate. 

Nothing has, however, been done, so far as I know, in 
determining the strength of an iron ship en masse; and the 
object in view in the present paper is to inquire into the 
strength of iron vessels as they have been and are now 
constructed, and to ascertain if there exist any hidden 
weakness which may be remedied by a more judicious 
distribution of the material. 

Of late years it has been found convenient to increase 
the length of steamers and sailing vessels to as much as 
eight or nine times their breadth of beam ; and this for 
two reasons : ^rsty to obtain an increase of speed by giving 
fine sharp lines to the bow and stern ; and, second^ to 
secure an increase of capacity for the same midship-section, 
by which the carrying powers of the ship are greatly aug- 
mented. Now, there is no serious objection to this increase 
of length, which may or may not have reached the max- 
imum. But unfortunately it has hitherto been accom- 
plished at a great sacrifice of the strength of the ship. 
Vessels floating on water and subjected to the swell of a 
rolling sea — to say. nothing of their being stranded or 
beaten upon the rocks of a lee shore — are governed by 
the same laws of transverse strain as simple hollow beams 
like the tubes of the Conway and Britannia '^ 
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Bridges. Assuming this to be true, and, indeed it scarcely 
TequireB demoDstratioD, it follows that we canuot lengthen 
a ^ip with impunity without adding to her depth, or to 
the sectional area of the plates in the middle. 

If we take a vessel of the ordinary construction, or what 
some years since was considered the best construction, 
300 feet long, 41 feet 6 inches beam, and 26 feet 6 inches 
deep, we shall be able to show how inadequately she is 

Fig. «. 



designed to resist the strains to which she would be sub- 
jected. Such a vessel would be sheathed with plates j of 
an inch thick (working transversely from the keel to the 
deck on each side) for 13 feet on each side of her keel) | 
inch plates for a distance of 10 feet 6 inches round each 
of &e bilge, and ^ inch plates for the remunder to 
■ ^"wik; her keel would be 12 x 4 inches, with 
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plates on each side 2 feet wide by 1 inch thick, and in ad- 
dition to this there would be a hollow stringer, similar to 
fig. 44, 18 X 12 inches, riveted to the angle-irons of the 
frames 2 feet 3 inches above the keel. At the top of the 
upper deck are two plates and angle-irons, forming an 
open box b, fig. 45, on each side 18 x 12 inches, which, 
together with two small stringers along the deck and two 
at the sides, as shown at a a and b by fig. 46, would con- 
Fig. 46. 





stitute the only power for resisting a tensile or compres- 
sive strain arising from transverse flexure. 

On referring to the midship-section of. a vessel of these 
dimensions, fig. 46, it will be seen that the upper deck is 
not constructed so as to give stability to the ship, and is 
totally out of proportion with the quantity of material in 
the other parts of the hulL If we take a vessel sue 
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we hare described and shown in fig. 46^ and whicfa> it 
must be admitted, is of inferior construction, we shall 
approximate nearly to the facts by treating it as a simple 
beam ; actually a vessel is placed in this position, cither 
when supported at each end by two waves or when rising 
on the crest of another wave, supported at the centre, 
with the stem and stem partially suspended. Now, in 
these positions the ship undergoes alternately a strain of 
compression and a strain of tension along the whole section 
of the deck, corresponding with equal strains of tension 
and compression along the whole section of the keel, the 
strains being reversed according as the vessel is supported 
at the ends or the centre. These are, in fact, the alternate 
strains to which every long vessel is exposed, particulariy 
in seas where the distance between the crests of the waves 
does not exceed the length of the ship. 

It is true that a vessel proportioned like the above sec- 
tion will continue for a number of voyages to resist the 
continuous strains to which she is subjected whilst resting 
in water. But supposing in stress of weather or from some 
other cause she is driven on a rock with her bows and 
stem suspended, in the position shown in the sketch, 
fig. 47, the probability is that she would break in two, se- 
parating at T from the insufficiency of the deck. This 
is the great source of weakness in wrought-iron vessels of 
this construction, as well as of wooden vessels when placed 
in similarly trying circumstances. 

To prove this, let us give the vessel already described 
the full benefit of being considered a well-constructed 
beam, which indeed is more than we may expect; and 
applying the formula, 

which would then be applicable, we shall find her powers 
" ^-"^Utanoe comparatively small. 
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The sectional 

follow : 

Keel 

HoUow ftringer 
Sheathing . 
FUuesat keel 

Total 

To balaaoe this 
taking the 
the upper deck : 



cf wTOi^t iron we shall find to be 



13x4 
18x12 . 
31ix|-i>252x| 
48x1 



. 48 
. 46 
. 462 

. 48 

. 604 



al die bottom^ we have at the top^ 
to a depth of six feet below 



Si 
Deck-i 



toa 



trovgh-pktes . 
€f six feet oo each side 



Total M«a 

The deck-planka^ 
butes to the 
at onensixth the 



of top 



S(|aare inchef. 
. 190 
. 110 
. 100 

. 400 



wludi to a limited extent contri- 
to a tensile strain^ might be taken 
powers of iron^ or equivalent to 



41-5 X 12 x 6 ^ ^j^ g^^j^ j^^^ . 

but the entire absence of longitudinal joints reduces this 
resistance much £utiier, and we have, tlierefore, con- 
sidered the resistance of the deck-planking to be equiva- 
lent to a section of 100 square inches of wrought iron. 

Now if we apply the formula for beams, we have, for 
the constant, c = 60, on account of the joints being only 
double riveted; a =400 square inches; d=:the effective 
depth, which, since the side-plates have been taken for a 
distance of six feet from the deck, could not exceed 24 
feet; Z= length = 300 feet; hence the centre-breaking 
load is equivalent to 



W 



400 X 24 X 60 
300 



= 1920 tons, 



"» other words, a weight of 960 tons suspended from 
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bow and stern, apart from the vessel's own weight, would 
cause her to break asunder. 

We may verify this calculation by another, in which 
the strength is calculated from different data. If we sub- 
stitute for the area of the top the whole midship area of 
the vessel, and for c=60 substitute C=18*3, we get, 

^^ 1400 X 24 X 18-3 ^,Q,g.e 
300 

which gives a close coincidence of result with the previous 
calculation. 

If, however, the deck-beams were covered with iron 
plates throughout the whole length, on each side of the 
hatchways, so as, by a new construction, to render the 
area at the deck equal to that at the bottom, we should 
then have for the centre breaking weight 

W = ^^^ " ^^'^ ^ ^Q « 3200 tons, 
300 ' 

or nearly twice the strength given in the preceding case. 

If we now consider the amount of displacement in 
tons in the vessel we have described, we shall find that 
the margin of strength is far from satisfactory. When 
loaded to a depth of 18 feet draught of water, the dis- 
placement would be about 177,000 cubic feet, which is 
equivalent to a weight of about 5000 tons for the ship 
and cargo. If we consider this weight as uniformly dis- 
tributed, and compare it with the strength we have deter- 
mined, we have. 

Tons. 
Load uniformly distributed ..... 5600 

Breaking- weight with load distributed, 1920 x 2 . . 3840 

Leaving a deficiency or source of weakness equivalent to . 1160 

SO that it is evident that if laid high and dry, in the 
position shown in fig. 47, she would break with f f or -^ 
the load which she actually carries. Under ordinar; 
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cumstances, it is true that a vessel could never be placed 
in such a position^ unless when stranded on a lee shore^ or 
under circumstances where each receding wave would 
leave her with not more than six or eight feet of water 
over her keel^ and in these conditions she must inevitably 
go to pieces. 

I refer to these extreme cases because our iron con- 
structions, in which we risk so much life and property, 
may be exposed to even this degree of danger, although 
circumstances so critical do not frequently occur. If we 
might suppose material added to the deck-section, either 
by iron plates under the planking or in any other form, so 
as to give an area of wrought iron equivalent to that of 
the bottom, or 604 square inches, the strength would be 
nearly doubled, but would still be short of an adequate 
margin for security to resist the force of impact, as the 
waves lifted the vessel and dashed her again on the rocks. 
It may be urged that this is an extreme case ; but it is an 
extreme such as we must guard against, and vessels ought 
in every case to be built of sufficient strength to secure 
them from failure in all the conditions in which it is 
possible for them to be placed. 

Having shown the imperfect state of our constructions 
from an example selected from the earlier stages of iron 
shipbuilding, I would now direct attention to the most 
recent forms of iron vessels. 

It will be observed from the following diagram, fig. 48, 
that considerable improvements have been effected, both 
as regards strength and the distribution of the material, 
since the infancy of iron shipbuilding, when the properties 
of the material and the results of its combination were 
very imperfectly known. It is now widely different; 
and though still far from perfection, it is nevertheless of a 
cliaracter Avhich gives greatly increased security to life and 
'^*'oj)erty. 
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Let us, for example, again take a vessel of the present 
build, and compare it with that of its predecessor of ten 
years ago, which I have already described. 

Fig. 48 is the cross midship-section of a vessel of the 
present build, and clearly shows the improvements which 

Fig. 48. 




have been effected. The sectional areas of the upper deck 
of this vessel, which is of the same size as the preceding, 
are as follows : 

Square inches. 

Open trough-plates on deck, and plates on each side, as 

before, to a depth of six feet under the deck . .176 

Stringer-plates . . . . . .165 

Add to this, as before, for timber of decks . .100 

Total area .... 441 

where the area is larger than before, and the strength, 
although still deficient on the deck, would be increased 
from 3800 to 4200 tons, which is much in favour of the 
security of the ship. 

Taking another vessel (fig. 49) of still more recent cod- 
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struction^ 235 feet 6 inches long, and 35 feet beam, and 
22 feet 9 inches depth of hold, and of a. burthen of 1500 
tons, we find a still better disposition of the material as 
respects the strength and durability of the ship. 

Taking the area of the above vessel, we have as under : 



AA . 

BB . 
c c , 
c c . 

Side-plates, taken at 
Deck-planking, say 



7' 6" X f X 2 
2'9"xi§x2 
2' 9'' X I X 2 
2' 0" X ^ 



Total area 



Square inches. 

. 112-5 

. 107-2 

. 30-0 

. 16-5 

. 800 

. 85-8 

. 4320 



which, by formula, assuming the bottom section to be in 
excess of the top, would give 4600 tons as the distributed 

Fig. 49. 
bI L _A 2 L^^ A. \\^ 




breaking weight for a smaller vessel. This is, however, 
still short of the required proportion, and admits of fur- 
ther improvement, as we shall presently show. 

Having now directed attention to existing defects in 
the construction of iron vessels, I may venture to proceed 
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to the more important consideration of their removal, by 
passing from a system of apparent guesswork to a careful 
adherence to sound principles in design, like those esta^ 
blished by direct experiment for other constructions go- 
verned by the same laws and subject to the same strains. 
If I am correct in treating iron vessels in the light of sim- 
ple girders, I shall be able to show a better disposition of 
material, calculated to remedy present defects, and greatly 
increase the strength of vessels, without any great increase 
of cost, to resist transverse strains. If I were proceeding 
upon theoretical considerations, the results I have stated 
might be doubted ; but we have a sufficient number of 
experiments upon hollow wrought-iron girders to calculate 
the strength and resisting powers of ships to transverse 
strain, with a near approximation to accuracy in the 
results. 

Let us, therefore, again take the case of a vessel 306 
feet long, 41 feet 6 inches beam, and 26 feet 6 inches deep, 
built according to Lloyd's rules as an Al vessel of the 
highest class, for twelve years, from dimensions given in 
Table G. In such a vessel we have the best known con- 
struction, according to the highest authority, and although 
I do not wish to find fault, or in any way question the re- 
gulations of Lloyd's, which appear to have been drawn up 
with great care, yet I am of opinion that they may be 
greatly improved upon by the following alterations. Let 
us suppose the vessel to have a displacement of 5600 tons, 
and to be constructed with a midship-section exactly simi- 
lar to what is required in the regulations of Lloyd's. In 
this section (shown in fig. 48), not only is the deck section 
defective in its resistance to a tensile or compressive strain, 
when compared with the bottom, but following up these 
rules, as laid down for the guidance of builders, two very 
important points seem to require revision, namely, th 
they make the strength of materials in vessels to be 
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proportion to their tonnage, without reference to their 
length, and also that they require the plating, stringers, 
and frames at the ends of the vessel to be about the same 
weight and strength as at midships. Now it is at the 
latter part where the strength is required, as in every 
case the strain is greatest there, and gradually diminishes 
towards the stem and stern. In fact, the section of the 
plates and stringers ought to be double at midships, both 
at the deck and the bottom of a well proportioned ship. 

To illustrate these facts, it will be necessary to estimate 
the strength of a vessel constructed according to the latest 
regulations of Lloyd's, for the highest class, Al vessels, 
and then to point out the distribution of material which 
will secure perfect uniformity of strength. 

Taking the length at 306 feet, beam 41 feet 6 inches, 
depth 26 feet 6 inches, we have the sectional areas : 









Square incbef. 




For the keel 


• • • 




. 42 






Floor or bottom plates . 




. 31*5 






Keelson 


• • • 




. 13-7 






Angle-iron 


• • • 




. 20-0 






Bottom -plates 


• • • 




. 498-0 






Two stringers 


and angle iron . 




. 660 






Two „ 


»» • • " 
Total area 




. ISO 
. 689-2 






ain, if we 


take the sectional 


area 


of the deck 


ar 


id 



six feet down the sides (which is a fair average of its 
powers of resistance to tension and compression), and 
allowing 130 square inches of iron as an equivalent for 
timber-stringers, deck-planking, &c., the area will be as 
under : 

Square inches. 
Side-plates ...... 144 

Two stringers and angle-iron . . . .68 

Two stringers on lower deck, say . • .25 

Timber stringers and planking . . . .130 

Two midship stringers . . . • . .28 

Total area . . . .395 
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Here it is evident that there is a great want of proper- 
tion between the top and bottom of the ship, and in order 
to attain the maximum point of strength, we must in- 
crease the area of the top, retaining the bottom as hitherto 
constructed. 

Let us assume the displacement of such a vessel to be 
5600 tons; then, in order that she may be capable of sus- 
taining half that weight suspended from her centre, or 
5600 tons equally distributed inclusive of her own weight, 
she would require a midship-section of at least. 

Square inches. 
For the bottom .•••,. 535 
For the top ••.... 535 
For the intermediate space . . • .130 

Total area .... 1200 

Giving by formula, 

^ ^ 26^5x535x60 ^ 273^ 
306 

the breaking-load in the centre. 

Now, in order to be secure against the vessel's breaking 
in two when placed in a position such as already described, 
we must give her a still larger margin of strength, and, in 
fact^ make the deck as strong as the bottom in the section 
of Lloyd's, and we should then have by the same formula, 

W = ^^O^^O^^^'^ = 3585 tons, 
306 

or 7170 tons equally distributed throughout the ship. In 
the present state of our knowledge, it would appear that 
we are greatly deficient in the application of those laws 
which determine the strength of ships and other similar 
constructions ; and as I have laboured for the last thirty 
years to determine these laws experimentally, I may pro- 
bably be excused if I now seek to establish sounder 
ciples of construction in this all-important brai 
engineering — the increased security of our mer 
marine. 

S 
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mulated towards the middle should be progressively re- 
duced towards the stem and stern. Thick plates and 
large masses of iron are not required at the extremities, 
if uniformity of strength is to be attained. It is an utter 
waste of material to introduce it where it is not wanted, 
and, moreover, where it does not add to the security and 
stability of the ship. In fact, I would earnestly urge upon 
the attention of builders, that more care should be exer- 
cised in proportioning different parts to the strain they 
have to bear. I do not mean that the frames and sheath- 
ing-plates should be much reduced in size or thickness, 
but the longitudinal stringers and side-plates may be re- 
duced in thickness to advantage. For example, if we take 
the deck-stringers and longitudinal stringers, which I re- 
commend in order to give increased security, they should 
be proportioned as shown in fig. 51. These numbers 

Fig. 51. 

ZX_I1 




I 

Half length 150 feet 

approximate to the true proportions for equal strengths ; 
and the only deviation from these ratios should be in some 
parts of the exterior sheathing (probably at the bows, 
should the vessel come in contact with floating ice), bulk- 
heads, frames, &c. In this way a great deal of material 
would be saved which does not add to the strength of the 
vessel. 

Another feature in the construction of iron vessels is 
the method of forming the riveted joints. I am perfectly 
cognisant of the custom of double riveting, which is sufli- 
ciently strong in the longitudinal, but comparatively weak 
in the transverse, joints. These latter ought to have long 
covering plates, and should be chain riveted, as shown in 
fig. 52. If the joints were made on this principle 

8 2 
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would add twenty per cent to the transverse strength of 
the ship, — an important desideratum, and one which would 
be attained at the expense of a few more rivets and a small 
increase in the length of the covering plates. The secu- 

Fig. 52. 
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rity of the ship should not be jeopardised for such a con- 
sideration ; and it is to be hoped that vessels will not in 
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future be built at a loss of one-third of the longitudinal 
tenacity as at present, but that the most perfect mode of 
uniting the plates will be adopted in every part of the 
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construction. If the principle of chain riveting were 
adopted, we might employ the constant 80^ instead of 60, 
in the formula for calculating the strength^ and the weight 
and sectional area of the plates might then be reduced. 
This is a consideration of 
much importance, as the ^g- S'^- 

frames, or ribs, might be 
made two feet six inches 
apart to admit the neces- 
sary covering plates^ and 
secure a better system of 
transverse joints, as shown 
in figs. 52 and 53. Below 
water, where a water-tight 
joint is the first requisite, 
the rivets must be placed 
nearer together at the joint ; 
but we may still compen- 
sate for the loss of strength 
caused by the closeness of 
the rivets, by using a cover- 
ing plate thicker than the 
plate, and countersinking 
the rivets on the outside, 
as shown in fig. 53. It is 
true that builders are not 
allowed, by Lloyd's rules, 
to place the frames more 
than eighteen inches apart, 
which only permits double 
riveting; but Mr. Vernon, whom I consulted on these points, 
and to whom I am indebted for many useful suggestions, 
informed me that, even with frames at this distati''^ ^ach 
alternate tier of plates might be so riveted ; 
being arranged outside and inside, as shown 

• 3 
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■wider covering plates might be introduced, as shown at 
a a, under the angle iron of the frames, and thus the outside 
plates chain riveted. This would be a great improvement, 
and add considerably to the strength of the ship. As 
respects the diameter of the rivets and their distances 
apart, the following table, deduced from experiment, and 
employed by myself and and others in extensive practice, 
may be relied upon. 

Table exhibiting the best proportions for riveted joints. 



Thlcknea» of 

plates in 

inches. 



Diameter of 

rivets in 

inches. 



Length of ri- 
vets from the 
head in inches. 



Distance of ri- 
vets from cen< 
tre to centre 
in inches. 



Quantity of 

lap in single 

joints in 

inches. 



^•19 
'•26 
•81 
•38 
•60 
•63 
•76 



8 
Iff 

4 
13 

n 
13 

fl 
TS 

R 

Iff 
10 
1(1 

11 
10 



r2 



•38 
•50 
•63 
•75 
•81 

•94 Vl-5 
MsJ 






•881 
M3 
1-38 
r63 
2'25 
2^75 
3-25 



^4*5 



1^50 J 
163 j, 
1-75 J 
2-001 
2-50 M 
300 J 



r25i 
1-60 1 6 

rssJ 

200 6*6 
2-25 "j 
2-75 [ 45 
3-25 J 



Quantity of 
lap in double- 
riveted joints 
in inches. 



Add two- 
thirds of the 
depth of the 
single lap. 



I now venture to direct attention to the plan which I 
propose should be adopted for securing the most effective 
distribution of the material which is to be added to the 
upper part of the ship. Iron vessels are ordinarily con- 
structed with ribs or frames, placed from fifteen to eigh- 
teen inches apart. They are about two feet deep at the 
keel, and taper to the width of the angle-iron round the 
bilge on each side, at ^, fig. 48. From that point to the 
top of the deck, the angle-iron is in some cases considered 
of sufficient strength for the reception of the sheathing- 
plates. On the top side of the ribs a lighter description 
of angle-iron is riveted, and to this the flooring, whether 
of wood or iron, is attached. This plan of construction is 
not objectionable, provided two more longitudinal stringers, 
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on each side of the keel^ are made to run from one end 
of the ship to the other, and in large ships chain riveted, 
as previously recommended, which will greatly enhance 
the value of the ship. If this were done so as to give the 
required midship-section necessary for the security of the 
vessel, it would prove highly advantageous. 

The Great Eastern^ which is probably the strongest 
vessel in proportion to her size ever built, is constructed 
on this principle ; and the designer, the late Mr. Brunei, 
was too sagacious an engineer to lose sight of the cellular 
system, developed first in the Britannia Bridge, to neglect 
its application to the deck as well as the hull of the monster 
ship. 

Fig. 55, 




The result of this application, with the longil 
bulkheads, constitutes the enormous strength < 

84 
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magnificent vessel, proving the importance of the cellular 
system for vessels of large tonnage. It combines light- 
ness with strength, and the double sheathing gives immense 
rigidity to the construction ; in fact, the Great Eastern is 
a double ship up to the water-line. With smaller vessels, 
however, this system is not applicable ; but a modification 
of it, as shown in fig. 55, may be safely adopted with 
advantage to both builder and owner. The exchange 
from the old system to the one I am urging will not call 
for any great sacrifice ; the change I propose is a new and 
more scientific distribution of the material, and not any 
great increase of sectional area, and consequently of weight 
throughout the construction. 

In the formation of the deck, it is essential, for public 
security, that a new principle of construction should be 
immediately adopted, and that the cross-beams forming the 
upper deck should be covered with iron stringer-plates, 
thickest towards the middle of the vessel, and tapering 
from i to ^ inch thick as they approach the stem and 
stern. The sectional area thus obtained, however, is 
short of what would be required for a vessel of the mag- 
nitude we have been considering. To secure a propor- 
tionate resisting power in the deck, we shall require the 
arrangement shown in fig. 55y giving an area of 750 
square inches, exclusive of the hatchways, which I have 
estimated at 8 feet wide. This sectional area would be 
distributed as follows : — 



Section of Longitudinal Cells, dd. 

Square inches. 
2r)lates, 25.y'x|// 38'0 

G plates, 18'' X f'/ Sl'O 

8 auglc-iroiis, Z" x 3'' x §'' . . . . 26*8 
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Section of Comer CeUs^ cc. 





Square inchet. 


6 angle-irons, 4" x A" x |" . • 




27-6 


2 „ 6|"x5|^'x|" . 




150 


2 plates, 31" X 1" 




640 


2 n 48" X I" 




84-0 


2 „ 33" x|" 




577 


2 „ 72" xl" 




1440 


0<Aer Pfa^e*. 






4 stringers, 24" x |" . 




84-0 


2 stringers on lower deck 




250 


Deck-timbers, saj . . , . 




120-0 


Total area of top . , 




7571 


Section of Bottom. 






1 keel, 12" x 3i" 




42-0 


2plates, 31"xliV' . . . . 




66-0 


2 lengths, 246" X 1" . . . . 




492-0 


12 angle-irons, 6|" x 5|" x |" . 




90-0 


2 bulb-irons, lOi/'xf" . 




18-0 


Keelson, 18" x |" . 




15-75 


2 plates, 25" x|" . . . . 




37-5 


Total area of bottom 


761-25 



Thus we should have in the hull and deck a maximum 
area of security ; and the vessel, so far as regards her 
ultimate strength, would be superior to any tests to which 
she might be subjected at sea or on shore. Under the 
most trying circumstances she would not incur the risk of 
breaking, and the passengers and cargo would in all pro- 
bability be secure. 

In these recommendations we have not desired to teach 
the experienced shipbuilder the details of his business ; 
all we contend for is greater security for life and pro- 
perty, obtained by adherence to sound principles of con- 
struction of well-ascertained truth. In furtherance of 
these objects, I would venture to suggest the followino* 
improvements and additions to the midship-seci 
iron vessels, viz, the introduction of two cellular 

gular stringers, one ou each side of the h»t 
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and two triangular stringers, one on each side of the 
Tessel, as shown in fig. 55. a a is the wooden deck, 
under which is a platform of |-inch plates, riveted 
to the light beams bb, which rest on the two triangular 
cells ccy to which they are riveted, as also to the rectangular 
cells dd, which run the whole length of the ship, and rest 
on the water-tight bulkheads, which divide the ship into 
eight separate compartments. These cells should be 
chain-riveted, and by the same means to be attached to 
the angle-iron of the bulkheads on which they are sup- 
ported. These will diminish the span of the cells and 
lighten the deck-beams, which will not exceeed 15 feet in 
length from the cells dd to the side of the ship. It will 
not be necessary to go farther into detail, as the cross- 
beaips and gusset-stays to the lower deck are of much 
less importance than the corresponding parts in the deck 
we have considered. 

As respects the quality of the iron used for ship- 
building, the greatest care should be observed in the 
selection. Twenty to thirty shillings a ton will make all 
the difference between good plates and worthless ones, 
and no plates ought to be used which will not stand an 
average tensile strain of 20 tons per square inch. The 
better qualities of plates vary from 20 to 25 tons per 
square inch ; but well-wrought plates, free from dross, 
and equal to an average test of 20 tons per square inch, 
will give to the vessel, if well constructed, adequate 
durability and strength. 

It is from this material (iron) that we derive the instru- 
ments of our civilisation ; our progress in useful art 
depends upon our knowledge of its application ; ships of 
400 to 700 feet in length, and bridges of equal span, 
could never have been attempted in its absence; in its 
varied ibrms and conditions, it supports our wonderful 
industry, and is the soul of our commerce. Viewing it in 
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this light, how important is the development of every 
new law and every new application which tends to secure 
its economical employment I and looking at our continued 
progress in our knowledge of its properties, and its conver- 
sion from the crude ore to its final condition in its various 
applications, we may say that the iron age of the world 
has come, nourishing a never-failing and widely-extending 
industry, — an industry which has raised this highly- 
favoured country to the position of the leader in practical 
science, and the pioneer of progress. 

Having thus pointed out the defects and the remedies to 
be applied for giving increased security to iron ships, it 
simply remains for me to urge upon the merchants and 
builders in this great community the absolute necessity of 
adherinej to the fixed and determined laws of physical 
truth which I have endeavoured, however imperfectly, to 
inculcate; but which, if carefully followed, will greatly 
extend our iron constructions, and render the iron ship of 
British manufacture triumphant on every sea. 
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LECTURE VI. 

ON THE CONSTRUCTION OF IRON VESSELS EXCEEDING 
THREE HUNDRED FEET IN LENGTH. 

In the previous Lecture I endeavoured to inculcate prin- 
ciples on which iron ships ought to be built in order to 
secure perfect safety, and to give to the public increased 
confidence in the stability of these constructions. In 
pointing out how these desiderata may be obtained, I con* 
fined my attention to vessels varying from 500 to 1500 
tons burden, and not exceeding 300 feet in length and 
41 feet 6 inches beam. In these constructions I attempted 
to prove that the present system was defective, and that 
in certain positions a vessel built upon this principle must 
of necessity break up and go to pieces. These views 
were not founded upon theoretical speculations, but upon 
experimental facts, and to which I considered it my duty 
to direct public attention. 

It cannot be denied that the most disastrous eflTects 
have followed from these defects ; and it appears impera- 
tive, for the sake of life and property, that a new and more 
perfect system of construction should be adopted, founded 
on definite laws by which the resisting powers of materials 
in different forms and conditions are governed. As re- 
spects iron nearly the whole of these laws are known, and 
we are at no loss to discover its ultimate powers of resist- 
ance in whatever positions it is placed, or to proportion its 
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dimensions to meet with safety the forces to which it is 
subjected. Possessing this knowledge, and having it in our 
power to apply it, why should we neglect its application 
in structures of such vast importance as those in which 
our lives and fortunes are so often embarked ? The sur- 
veyors of Lloyds, most excellent, well-meaning, gentle- 
manly men as they are, may say what they please, but I 
have no hesitation in stating that their regulations are 
very defective and require immediate revision, and such 
a revision in my opinion should be based upon principles 
of exact science, and calculated to secure a maximum 
strength in the iron ship. I do not wish to find fault, nor 
do I assert that the alterations I have to propose are in 
every sense the best calculated to produce a maximum 
effect; on the contrary, they may require correction in 
practical details ; but this I believe, that the present build 
of ships is decidedly imperfect, and admits of great im- 
provement both as regards security and economy in the 
use of the material of which they are composed. 

The cellular system has been objected to on the ground 
of the inconvenience of longitudinal stringers along the 
deck on each side of the hatchways, and their liability to 
oxidation. Now, so far as regards the deck these objec- 
tions have in reality no weight, for the proposed cellular 
stringers need not exceed fifteen inches square, or eighteen 
inches wide by fifteen deep ; and these, with the cells which 
form part of the bulwarks, will afford all that is wanted to 
give the required stability to that part, forming, if pro- 
perly put together, perfectly rigid horizontal columns to 
resist the force of compression on the one hand, and ten- 
sion on the other. Again, as regards oxidation, 7 
occur to any injurious extent so long as these 
stringers are below deck and are riveted wat 
which may be done with perfect safety and withat 
nution of their strength. From these remarks, am 
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pferions statementt it will be seen that the exooii 
BUiterud is not requred in the Tidnity of the nentniliai 
where the etndn is leasts but at the extreme iaf vi 
bottom, where the strsins are most severe when the fori 
is pitching in a heavj sea. 

It is a universal law of eonstniction that the reostnai 
provided for should be proportional to the assailant fom 
in each part, and in order to effect security it ahodi 
always be greatly in excess. In building a ship, as media 
similar stnietares, the first thing is to ascertain the pointi 
of greatest strain, and to provide at those parts thegnateil 
• power of resistance ; but to build a ship with equal thidt 
nesses of plates throughout, or any other vessel liabk U 
be ruptured by forces that act with double the intenaitj 
in some parts that they do in others, is not only a gml 
waste of valuable matonal, bnt is absolutely injuriom^ ii 
BO far as it adds by increased wei^t to the destruetifi 
dement that tends to break up the vessel. This bring 
the case, how essentially necessary is it that the strengths 
should be carefully proportioned to the strains, and the 
material arranged in such a form as to offer a harmonious 
resistance to the forces thus acting upon it. 

To effect this distribution, the object of the previous 
investigation, and keeping in view the same principles 1 
there ventured to advocate, I now come to a larger class oi 
vessels, which involve at the present time considerations oi 
vast importance to the owners and builders and otben 
interested in the extension of commerce. To these vessels 
I would now venture to apply the same principles, so a8,ii 
my opinion, to secure the necessary strength under the variec 
forms and circumstances to which they are subjected. 

We do not know what changes are in store for us as i 
result of the performance of the Great Eastern; tha 
vessel has not yet been fully tried, and it would be prematura 
to anticipate results ; as it is, we can only assume that shi 
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Will prove commercially successful, and although probably 
not to the extent expected by her more sanguine advo- 
cates, yet that she may possess qualities favourable to a 
considerable increase in the dimensions of our vessels both 
in relation to their capacity for cargo, speed, and other 
good properties. If we assume this as the result of the 
forthcoming performances of the Great Eastern^ we may 
take as the basis of our inquiry a vessel of 500 feet length 
between the perpendiculars, and 68 feet beam. The ques- 
tion for consideration then is, on what principle should she 
be built for the purpose of attaining the greatest security 
with the least material ? To answer this inquiry we may 
consider ; — 

1st. The general principle of construction. 

2nd. The frames and ribs, and their distribution as 
affecting the transverse strength. 

3rd. The plating or sheathing, including stringers, cells, 
&c., as affecting the longitudinal resistance to fracture, 

4th. The decks, bulkheads, and internal fittings. 

5th. The bows and stern in their resistance to con- 
cussion. 

6th. The resisting powers, durability, and economy of 
the ship taken en masse. 

In our attempts to apply sound principles in construc- 
tion, we have two things to determine : — first, the proper- 
ties of the material we have to deal with, and second, the 
forms and conditions in which it should be applied. In 
regard to the former, it is essential to sound construction 
that we should have good material, and on this point it 
will be requisite to offer a few suggestions. To those ac- 
quainted with the iron trade, it is well known that 
five or six different sorts of plate and bar iron. 
cinder plates, common plates, best plates, double 
plates, and the superlatively good best- best plat 
same varieties may be had in bars, and it req. 
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small degree of skill and penetration to determine from 
appearance what is good and what is bad. One thing is 
however evident, that no description of plates or angle 
iron should be employed in shipbuilding that would not 
stand a test of 20 to 24 tons tensile strain per square inch. 
That these plates should be made from good puddled bars, 
piled and rolled at the proper heat, is also essential to 
durability and security in naval construction; and the 



Fig. 56. 




additional cost of 205. per ton should not be an object when 
compared with the superior quality of the iron employed. 
In fact, it is a mistaken economy to suppose that a reduced 
rate per ton in the first cost of an iron ship is an advan- 
tage. On the contrary, it involves in reality a serious loss; 
the inferior material can never be depended upon, and 
tlie risk incurred in consequence is too great to lend to its 
employment any countenance or support. On the other 
hand, when a better quality of iron is used^ less weight is 
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the above ftnn die plates Ibmung the keekn 
frames maj be much reduced in thickness, and two* 
Ainis of the tnnsvefse fiames b^ng dispensed with, we 
CHI aflbcd to increase the number of longitodinal keelBOOB 
witboat increaang the wrigfat of the material in the slup. 
For compariaon, let ns estimate the strength upon lik 
etioa and that on the pfam of frames 18 inchei 
rith onlj three hmgitudinal keelsons in the bottooL 
pcopixed impiOTement there are 13 longitudmal 
and these, with the outer and inner sheathing it 
bottom, crilolar deck, &c. would probably giye a dis- 
of 4500 tons. 



Area 9f Soitam, 



n. It. 



I. CencK keelisQa 500 x € x | and angle iron 

» 4 xf 

3 x| 






99 



Total keelson area 
>=: :\x-c -*£ she^rMs J plates ayera^g | in. thick 
■iC 5,'«:c i:i:^r.cr sbeaihing aTeraging | in. 

Total area of bottom 



Sq« inf. 

. 72 

. 90 

. 132 

, 60 

. 54 

. 48 



456 
720 
270 



1446 



We suproi?e the upper part of the ship along the deck 
to Nf tVnucvi oa the same principle as advocated for ships 
ot 5v.V tVxt leiiiTth in the previous lecture, with two cells 
xxear the v*entre.» b b^ and with two square and two tri- 
;u)^ular longitudinal cells, e c, at the side, extending the 
>«hoIe length ot the ship, as shown in the section, fig. 56. 
We shouivl then have with the stringer plates^ deck plank- 
iu^* vfec* the following sectional area : — 
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Area of the Top. 

2 middle cells 20 in. x 20 in. x | in. . 

2 side cells 30 in. x 18 in. x fin. 

2 triangular side cells 36 in. x 36 in. x | in. 

Angle iron to the above . . . . 

16 feet of plates on sides = 192 in. x fin. . 

Deck stringers 360 in. x 1 in. . 

Deck planking, saj 

Total area of top . 



Sq. ins. 
120 

142 

162 

138 

144 

360 

300 

1366 



This gives an excess of 140 sq. ins. in favour of the 
bottom as a compensation for extra wear and tear on that 
part. 

The strength of a vessel built in this form with the 
above sectional areas, and properly constructed to resist a 
lateral strain, may be found as before by applying the 



formula W = 



adc 

T' 



With the constant 60 as before, and 



taking the smaller or deck area, — 



W= 



a = 1366 
d= 40 
1366 X 40 X 60 
500 



c= 60 
Z = 500 

= 6556'8 tons 



lt*T«/\aAa 



the breaking weight at the centre, or 13,11 3*6 tons with 
the load distributed. Again, comparing this with the 
weight of the ship and cargo, and taking her loaded 
draught at 24 feet, we have a displacement of about 
9800 tons, which it will be observed leaves a margin of 
strength of 3313 tons, suflScient for all practical pui 
as regards the durability and safety of the ship. 

We could multiply these calculations to any ext 
I only wish to point out for the guidance of en 
what we consider the best and most effective princ 
construction to ensure a powerful resistance to strai 

T 2 
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a distribution of material capable of withstanding the 
shocks of a rolling sea, or any other trials to which in ex- 
treme cases the vessel might be exposed. 

Water-tight bulkheads are of great importance in the 
class of vessels we are now considering. These not only 
bind the sides of the ships together from the keel to the 
deck, but they give rigidity and strength to the whole 
structure, and there is no part more deserving of attention 
in large ships than these bulkheads. In a ship of 500 feet 
length and 68 feet beam, it might he desirable to divide her 
into two parts by a longitudinal bulkhead up to the middle 
deck. That would, however, be inconvenient in many 
cases in both sailing vessels and steamers. In fact, in the 
latter it would be inadmissible on account of her machinery; 
we must therefore deal with the construction under those 
conditions required by the service for which she is intended. 
This does not, however, affect the general principle that 
bulkheads made perfectly water-tight and stiffened with 
angle and y-iron should form component parts of the 
structure, and require great attention both as to the num- 
ber of compartments and the position in which they are 
placed. 

It now remains for consideration in detail whether the 
principle of longitudinal keelsons, with corresponding plate 
and cellular stringers, is or is not superior to the ordinary 
construction with transverse frames. In vessels of such 
immense tonnage, it would appear from the formula applied 
to hollow girders that a great increase of transverse 
strength may be gained, as in the case of smaller vessels, 
previously considered. In a vessel floating on water the 
force of external pressure at a depth of 24 feet is about 
1572 lbs. per square foot, or 11 lbs. per square inch, and 
this distributed over the surface of one of the cells, 6 feet 
by 4 feet, amounts to 17 tons nearly, or is equivalent to a 
force of 8 J tons at the centre of the cell at midships. Now 
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this would be too great a pressure for a |-Incli plate, and 
would cause a bulging inwards, were it not for the counter- 
poising pressure on the adjoining cells, which has a ten- 
dency to neutralise the bulging tendency by straining the 
metal uniformly over the keelsons and transverse ribs. In 
order, however, to increase the rigidity of these parts, it 
will probably be necessary to run down the middle of each 
cell bars of T-iron 6 ins. by 5 ins. as shown at gr, fig. 58, in 



Fig 58. 



y^^jf^^^A^Jr^j-j-^ 



i fffj'-f ^^ ' ' "J . »^^<JJjX « ^-' ■« A, ' <?>SJ 




^ss^zzzSi 




^m 
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the line of the keelsons h J, composed of angle irons and 
vertical plates riveted to the sheathing plates 3 feet wide 
and 12 feet long. On this principle the T-iron would also 
rest upon the longitudinal plates, and the transverse joints 
would be covered by the plates, shown at c c, fig. 59, placed 
under the frames and chain-riveted. The covering plate in 
this case being thicker than the sheathing plates, in order 
to compensate for an increased number of perforations for 
rivets along the line of the joint. 

It has been stated that it would be necessary t^ ^ ^ "n 
increased number of transverse frames in orde 
the lines of the vessel into shape ; should this pre 
another light rib may be used, shown at « ^, in 
fig. 59, riveted to the sheathing on the same pn. 
the other ribs ffff^ which are four feet asunder. 

T 3 
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practical details, however, we may leave to the judgment 
of the builder, as not essential to the stability of the ship. 
In this way the resistance of the cells to bulging would 
be more than doubled, and the whole of the cellular con- 
struction rendered secure under every form and condition 
of strain. The preceding sketch (fig. 58) represents the 
sectional form of the cells, each of which may be stiffened 
by gussets, a a and d cf, riveted to the angle iron of the 
keelsons and transverse frames. Fig. 59 shows in plan 
the keelsons, b b, Tihsyffy additional rib, e e, T-iron along 
the bottom, a a, and covering plates, c c, chain-riveted. 
On this plan the cells would be open from one bulkhead 
to the other, and with proper water-tight manholes be- 
tween each bulkhead might, if necessary, be used for 
stowage or for the insertion of tanks in which fresh water 
might be kept ready for use. 

Fig. 59. 




On the above construction the sheathing plates would 

^*i lap-jointed, using the keelson angle irons and the inter- 

•rte T-irons as stiffeners for the cells, as shown in fisr. 
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60, which represents one half of the cellular system at the 
bottom of a vessel from the keel to the turn of the bilge. 

Enlarged covering plates, chain-riveted, for the trans- 
verse joints, are of great importance' both in regard to the 
lateral and longitudinal strength of the ship. The resist- 
ance to tension would be one-sixth greater than with the 
ordinary construction, and thus the security of the ship 
would be greatly increased. 

As regards the upper and intermediate decks, there 
would be no change except the introduction of two cells, 

Fig. 60. 




one on each side of the hatchways, and four other cells, 
two on each side of the ship, as shown in fig. 56. In the 
sectional area of the upper deck it will be observed that 
in the previous calculation we allowed about ^th as the 
value of the deck planking in resisting a compressive or 
tensile strain, and that we made a further allowance of 
material to the bottom to compensate for the wear and 
tear of those parts. Hence, the sectional area of iro^* ^" 
the upper deck will be to that in the bottom in the 
of 4 to 6. These proportions have been assumed, bu 
are in accordance with experimental researches, or at 
so far as we have results bearing on this question ; ; 

T 4 
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only requires an extension of such experimental Investi- 
gations to prove how far these proportions approximate to 
the correct ratio for resisting the strains at those parts 
respectively. 

A series of well-conducted experiments of this kind are 
much wanted, and a government grant of lOOOi., with a 
similar grant from Lloyds and from the shipowners' fund, 
would set the question at rest, and establish in ship- 
building, as in other constructions, true principles, the cor- 
rect expression of physical laws. It is with the object of 
aidinc: in the attainment of this that I have ventured to make 
these suggestions. The subject is one of deep importance 
to the community, one on which we are very deficient in 
knowledge, and one which will reward investigation, and 
that with great benefit to the public and to mechanical 
science, and without injury to existing interests. 

Impressed with the conviction that we are still labouring 
under difficulties from a want of knowledge of the true 
principles of naval construction, we are encouraged from 
other movements in looking forward to the time when these 
difficulties will be removed, and when greater economy in 
the distribution of the material will be accomplished, 
from the reduction of the whole system of shipbuilding to 
the exact laws of science. 

In the discussion of this question I have not ventured 
to inquire into the applicability of the cellular construction 
to ships of war, and my reason for the omission has been 
that the effect of shot upon iron ships has yet to be decided 
upon. I am aware that the Admiralty some years since 
came to a conclusion adverse to the use of iron, which I 
am not now prepared to call in question. But the im- 
proved condition of our iron constructions, and the in- 
creased tenacity of the material, taken in connection with 
our improved system of gunnery, may afford reasons for 
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altering that decision, and lead to results favourable to the 
use of iron as a material for building vessels of war. 

With the Whitworth rifled gun, for example, with an 
oblong flat-ended missile, iron is penetrated by a process 
that drills or cuts out the core without splintering or 
tearing up the surrounding surface, and looking forward 
to still further improvements, the iron ship may be in- 
creased with safety under the influence of a more destruc- 
tive arm than has heretofore been used. Be this as it 
may, the same principles of construction will apply to the 
navy as to the vessels of the merchant service ; and till it 
it has been more conclusively proved that iron is in- 
applicable to the construction of ships for the purposes of 
war, we may reasonably conclude that this material may 
ultimately become the best safeguard of Her Majesty's 
dominions at home and abroad. 



[Since the above was written I have deemed It neces- 
sary to insert in the Appendix two letters addressed to 
the editor of the " Times," bearing directly on the defect- 
ive construction of iron ships. These letters were written 
after the loss of the Royal Charter by a near and dear 
relative, and are so much to the purpose, that I should 
consider myself wanting in duty if I omitted statements 
of such importance to the public. I have also given a 
quotation from a recent lecture of Mr. Grantham's, in 
which he shows with great clearness some of the causes of 
weakness in our present construction, having arrived, in- 
dependently, at nearly the same conclusions as myself on 
the necessity for a large increase of transverse stren 



282 



LECTURE VIL 

ON WROUGHT IRON TUBULAR CRANES. 

These structures are identical in principle with the tu- 
bular bridges over the Conway and Menai Straits, and 
present additional examples of the advantages which may 
yet be derived from a judicious combination of wrought 
iron plates in constructions requiring security, rigidity, 
and great strength. 

About ten years ago the first design for a wrought 
iron crane was submitted to the Admiralty foi their ap- 
proval. It was a crane calculated to afford greater secu- 
rity and facility in the embarkation and disembarkation of 
heavy stores, and was in other respects better qualified for 
raising heavy weights than the cranes previously in use. 
The design was placed in the hands of the Surveyor of the 
Navy and Mr. Lloyd the Inspector of Machinery, who 
were so well satisfied as to the superiority of the construc- 
tion that an order was given to erect six of them, in dif- 
ferent positions along the line of quays of the new docks 
at Keyham and Devonport. 

These cranes were all of the same size and strength, and 
were intended to lift weights of 12 tons to a height of 30 
feet above the ground, and to sweep them round over a 
circle of 65 feet in diameter ; so that the projection of the 
jib was 32 feet 6 inches from the centre of the stem, and 
the extreme height 30 feet above the working platform. 



PEINCIPLE OP CONSTRUCTION. 283 

The cranes were composed of wrought iron plates riveted 
together, and so arranged as to give the back or convex 
side an adequate degree of strength to resist tension^ and 
the front or concave side, which in these cranes was of 
the cellular construction, a corresponding power to resist 
compression. The form was similar to that of the pro- 
longed vertebrae of the bird, from which the machine 
takes its name ; it was truly the neck of the crmte^ taper- 
ing from the point of the jib, where it was 2 feet deep by 
18 inches wide, to the level of the ground, where it was 
5 feet deep and 3 feet 6 inches wide. From this point it 
again tapered to a depth of 18 feet below the surface, 
where it terminated in a cast-iron shoe, forming the toe on 
which the crane revolved. 

The lower or concave side, which had to resist a force of 
compression, consisted of plates forming three cells, vary- 
ing in width in the ratio of the strain at each part ; and 
on the other hand the convex or top side, which has to 
bear the pull or tension due to the suspended weight, was 
formed of long plates connected together by the system of 
" chain-riveting," first applied in the tubular bridges in 
Wales. The sides were of uniform thickness throughout^ 
the joints being covered with T-iron internally, and on 
the outside by strips 4^ inches wide. 

The form of the jib is shown in fig. 61, with a portion 
of the side removed from a to the foot, in order to show 
the cast-iron cylinders built into the masonry ; and the 
rollers which encircle the body of the crane and support 
the jib vertically, permitting, however, free motion of revo- 
lution as they roll against the large circular plate a ^ 
Immediately above the rollers is a platform a, 12 fe< 
diameter, attached to the jib, on which the men star 
work the crane ; b is one of the winches connectet 
gearing with the barrel in the interior of the crane 
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which the chain is coiled, and d a wheel connected by 
gearing with a spur segment wheel fixed on the masonry, 
by which the crane may be revolved in any direction at 
pleasure. 

Fig. 62 is a plan of the crane and platform, showing 
the upper flanch of the large ring a cr, with the holding 
down bolts ccc. Fig. 63 is a section of the jib of the 
crane, showing the cells on the concave side of the jib. 

As this was an entirely new construction, it was consi- 
dered desirable to test its powers of resistance to strain, 
and to determine by direct experiment the law of strength 
which it followed. To accomplish this, each of the cranes 
was loaded progressively with weights up to 20 tons, 
the deflections being carefully recorded as the experiment 
proceeded. 

No. 1 Crane, Nov. 8 th, 1850. — With 5 tons suspended 
the crane was turned completely round without any alter- 
ation in the deflection. With 10 tons suspended the crane 
was again turned round, and in 8 minutes the deflection 
increased from 1*70 inch to 1*85 inch, at which it remained 
after sustaining the load during the whole of the night, a 
period of about 1 6 hours. The next day the experiments were 
resumed ; and on turning the crane round with a load of 20 
tons, there was no perceptible alteration in the deflection, 
and the permanent set after removing the load was '64 inch. 
Hence the deflection was 3'33 inches for a load of 20 tons. 
The ultimate strength of the crane is therefore much 
greater than is requisite in either theory or practice ; and 
although tested with nearly double its intended load, this 
was still far short of its ultimate power of resistance, 
which by calculation is five times greater than its nominal 
power. 

No. 2 Crane, Oct. 8th, 1851.— With 5 tons susp« 
the crane was turned completely round without 
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perceptible change in the deflection. Tnth 10 tons bqi- 
pended the crane waa again turned ronnd, when da 
deflection increased from 1*68 inch to 1*87 inch; oi 
removing the load the permanent eet was found to be *!{ 
inch, being the amount of loss of elasticity due to a loid 
of 10 tons suspended from the extreme point of the jib. 
With 15 tons suspended the crane was turned round 
with an increase in the deflection of only "06 inch. Fie* i 
Tunis to removing the final weight of 20 tons the crue | 
was turned rounds in order to test the eflGiciency of tbe 
movable part^, and also the break wheels which at tlui 
trial was used for lowering the load. On removing tbe 
weights^ it was ascertiuned that the retiuning powers of 
the riveted joints and the elasticity of the parts in com- 
bination exhibited rather more tenacity than in the fint 
crane that was made, as the jib when relieved from the 
load of 20 tons rose to within *62 inch of its original 
position. 

No. 3 Crane, Jan. 7th, 1852, — In this and the suc- 
ceeding experiments the cranes exhibit still greater powers 
of resistance as regards the strength or ultimate deflection 
of the jib. The defects of elasticity are also diminished to 
an extent which clearly shows that the workmen had 
become more expert and probably more careful in the fit- 
ting and riveting of the parts. 

In turning round the crane No. 3, the deflection re- 
mained unaltered with 5 and 15 tons load, but increased 
10 inch with 10 tons load. On removing the load of 
20 tons the permanent set was found to be only -40 inch, 
which gives 3*16 inches as the deflection due to the load 
of 20 tons. 

No. 4 Crane, Feb. 4th, 1852. — The results of the ex- 
periments on this crane correspond closely with those 
enumerated for No. 3. The same indications of strength. 
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elasticity, and deflection follow each other with remark- 
able precision. No alteration in deflection took place 
when the crane was turned round with loads of 5, 10, and 
15 tons. The crane was turned round with the load of 
20 tons, when the permanent set was found to be '62 inch, 
making the deflection 2*94 inches for the load of 20 tons. 

No. 5 Crane, Feb. 6th, 1852, — This crane was sub- 
jected to the same treatment with nearly the same results. 
In turning it round with 5, 10, and 20 tons load the 
deflection remained the same; with 15 tons load the de- 
flection increased "05 inch in turning round. On removing 
the load of 20 tons, the permament set was '44 inch, 
giving a deflection of 3*18 inches due to the load of 
20 tons. 

No. 6 Crane, Feb. 14th, 1852. — In turning round with 
5 tons load the deflection increased '07 inch ; but with 
10, 15, and 20 tons load no change took place in turning 
round. On removing the load of 20 tons, the permanent 
set was "50 inch, giving a deflection of 3*25 inches for the 
load of 20 tons. 

In the above experimental tests, it is satisfactory to 
observe that the resisting powers of this construction are 
limited only by the weight of the foundations and the 
strength of the chains, wheels, and machinery for lifting 
the load. A crane of 12 tons has a stem and jib capable 
of supporting 60 tons, or five times the load it is intended 
to bear, a much greater margin than is generally allowed 
for constructions of this kind. 

The following Tables give a summary of the results of 
the experiments on the twelve ton cranes at Keyham. 
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Table l.-^ Deflections of Tubular Wrought Iron Cranes. 



Load at end of Jib. 


Deflection at the end of Jib. 


No. 1. 


No. 3. 


No. 3. 


No. 4. 


No. 5. 


No. 6. 


Tom. 


Ins. 


Ins. 


Int. 


Inf. 


Ins. 


Int. 


2 


•32 


•31 


•37 


•25 


•27 


•31 


3 


•50 


•50 










4 


•65 


•62 










5 


•90 


•87 


•87 


•75 


•88 


•82 


— turned ronnd 


•90 


•87 


•87 


•75 


•88 


•89 


6 


105 


1^06 










7 


1-20 


M8 










8 


1-35 


1-37 










9 


1-50 


1-50 










10 


1-70 


1*68 


1-70 


1*62 


1*62 


1-76 


— turned round 


1-85 
205 


1-87 


1-80 


1-62 


1-62 


1-76 


11 


205 










12 


2-22 


219 










13 


2-40 


2*40 










14 


2-60 


2*62 










15 


2 80 


2-80 


2-69 


2-56 


2-63 


2-31 


— turned round 


2-80 


2-86 


2*69 


2*56 


2*68 


2-31 


16 


3-00 


300 










17 


3-20 


3-31 










18 


3T.0 


3-50 










19 


373 


3-69 










20 


3-97 


3-92 


3-56 


3-56 


3-62 


3-75 


— turned round 


3-97 


3-92 


3-56 


3-56 


3-62 


3-75 



Table IL — Summary of Results. 



Number of Crane. 


Deflection at Point of Jib 


Permanent set with ' 




vilch 30 tons load. 


30 tons load. i 




Ini. 


In. 


No. 1. 


3-97 


•64 


No. 2. 


3-92 


•62 


No. 3. 


3-56 


•40 


No. 4. 


3-56 


•62 


No. 5. 


3-62 


•44 


No. 6. 
Average 


3-75 


•60 


3-73 


•54 



ADVANTAGES. 
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The average permanent set being deducted from the 
average final deflection leaves 3*19 inches as the average 
deflection for a load of 20 tons, which is at the rate of 
•16 inch per ton. These experiments present a remark- 
able consistency and uniformity in the strength and elas- 
ticity of the material under strain ; and it will be observed 
that the permanent set, varying from '40 inch to '64 inch, 
is small in amount when compared with the load and the 
peculiar nature of the strain to which the jib was sub- 
jected. 



Fig. 64. 



Fig. 65. 



Fig. 66. 




In the construction of cranes, whether of wood or iron, 
it has been the usual custom to place the jib in an inclined 
position at an angle of about 40** or 45** with the stem, as 
in figs. 64 and 65, so as to obtain the greatest strength ; in 
this position the extreme point from which the load is sus- 
pended has to be stayed or held in Its place by oblique or 
horizontal tie rods. With this arrangement it will be 
observed that, if the article to be raised be at all bulky, 
such as a large bale of merchandise or a marine boiler, it 
will be prevented from being elevated to the top of the 
crane by coming in contact with the diagonal stay or jib. 
Hence with ordinary cranes a considerable part of the 
height is practically unavailable. In the wrought iron 
crane, however, fig. 66, this defect is obviated, since the 

u 
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curvature of the jib is sufficient to allow the article to be 
raised to the highest point to which the chain ascends. 

The advantages peculiar to this construction of crane 
are its great security and the facility with which bulky 
and heavy bodies can be raised to the very top of the jib 
without the least risk of failure. It moreover exhibits, 
when heavily loaded^ the same restorative principle of elas- 
ticity as is so strikingly exemplified in the wrought iron 
tubular girders. These constructions^ although different 
in form, are nevertheless the same in principle, and un* 
doubtedly follow the same law as regards elasticity and 
power to resist fracture. 

Several cranes of the same power and construction have 
lately been erected at Keyham, Devonport, Birkenhead, 
and Southampton, and at St. Fetersburgh, all of which 
have been severely tested by the suspension of weights 
considerably greater than they were intended to bear. 
Ten ton and three ton cranes have been experimented 
upon in a similar manner and attended with the same 
results ; all of them exhibiting great powers of resistance, 
greatly increased convenience for raising the load under 
the curvature of the jib, and equal facility in moving the 
crane to any point within reach of the sweep. 

Subsequently to the erection of these, the first cranes 
on the tubular system, a number of others followed of dif- 
ferent dimensions, and for various purposes, all of which 
exhibited the same powers of resistance and other advan- 
tages. It is, however, due to the Government to state 
that they took the initiative in the introduction of this 
new system, and finding the twelve ton cranes to work to 
their entire satisfaction, they ordered two more for Devon- 
port, and a colossal crane, to lift 60 tons, for Keyham. 
These, and many others of smaller and larger sizes, have 
since been erected upon the same principle, the only change 
'^ construction of importance being the abandonment 



COLOSSAL CRANE. 291 

of the cells in all but the largest, and the substitution 
of strong T iron ribs in their place, by which suflScient 
strength is secured with greater facility and economy. 
They have also been adapted for railway travelling 
cranes, and in many cases have had an engine and boiler 
attached to the platform, so as to work them by steam. 

The colossal 60 ton crane at Key ham consists of a rect- 
angular wrought iron tube, curved to a radius of about 
46 feet, and tapering uniformly from 9 feet deep by 5 feet 
6 inches wide at the level of the ground, where from the 
leverage of the crane the strain is the greatest, to 3 feet 
6 inches deep by 2 feet wide at the point of the jib. From 
the level of the platform it is also tapered downwards to 
about 1 foot 8 inches square at 23 feet below the level of 
the ground, where it fits into a cast iron shoe working in 
a socket or step on which the crane revolves. The point 
of the jib is 60 feet above the level of the platform, and 
sweeps a circle of 53 feet radius ; so that it will lift the 
heaviest load perpendicularly from a mean distance of 
37 feet from the quay wall, and to a height of no less than 
85 feet above low water mark, and land it at 69 feet from 
the edge of the quay. 

The crane itself is built on precisely the same principle 
as the tubular bridge, and may indeed be considered as a 
curved tubular girder inverted, the top side being the 
front or concave side of the crane, and the bottom side 
forming the convex or back part of the structure. Hence 
it may be described as composed of back plates, side plates, 
and cell plates. 

The back plates, which correspond with the bottom plates 
of a tubular girder, have to resist a strain of tension, are 
made as long as possible to avoid joints, and ar« /care- 
fully chain riveted. They are ^ inch thick, and 
the width of the crane ; and taking those on or 
beginning at the bottom of the well, the fir 

n 2 



292 TUBCLAB CRAKES. 

13 feet 9 inches long; the second^ which passes the point 
where the downward taper ends and the upward begins^ is 
13 feet 6 inches long; the next is 12 feet 6 inches, fol- 
lowed by six others, each 12 feet long, and these again 
terminated by a plate 15 feet long, which curves round 
over the pulley at the extreme point of the jib. These 
plates are covered externally by a long strip 8 inches 
broad and ^ inch thick, extending the entire length of the 
crane and covering the longitudinal joint between the 
back plates. The cross joints are placed alternately, and 
at each side of the crane there is a line of angle iron con- 
necting the back plates with the side plates. So that the 
sectional area of the back of the crane subjected to ten- 
sion is 

At the bottom .... 10*50 sqaare inches. 
At the platform ., . . 27*75 „ 

At the point of the jib . . . 12*00 „ 

The sides of the girder are formed of plates 3 feet broad 
at the outer edge or back of the crane, riveted together 
with T iron 4 x 2 x ^- inches at every joint inside, and a 
strip outside, to give the necessary rigidity. Beginning 
at the toe, the first three plates are |- inch thick ; the next 
three -^ inch thick ; the next five, which have to resist 
the horizontal thrust against the cast iron circle at the top 
edge of the well, -I inch thick ; and the remainder ^ inch 
thick. 

The front of this crane is constructed with four cells, to 
resist the immense compressive strain to which that part 
is subjected. The two series of plates which form the 
front and back of the cells, are composed of plates varying 
from 5 feet to 7 feet 6 inches long, and ^ inch thick. 
Each of these plates is riveted to the side plates by two 
angle irons. The space between them is divided into four 
cells by three vertical plates parallel to the side plates, and 
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eight 'angle irons at the corners further strengthen the 
structure thus formed. The reason of this arrangement 
is that wrought iron plates from their flexibility offer but 
a small resistance to compression in the direction of their 
thickness, as they bend or buckle with a comparatively 
small force. The five vertical plates, however, which 
form the sides of the cells, are placed in the position in 
which they offer a maximum resistance to compression, 
namely with their width or depth in the direction of the 
strain ; and the angle irons and the plates E and F serve 
to keep them in position and give great rigidity to the 
structure. The centre plate of the cells is -^ inch thick, 
and the two remaining plates each -^ inch thick. The 
sectional area of the concave or front part of the crane 
subjected to compression is therefore 

At the platform . . . 62*58 square inches. 

At the point of the jih . . . 34*83 „ 

Attached to the back of the crane is a tail piece or box 

of wrought iron, containing cast iron weights acting as a 

counterpoise to the jib. The chain is attached to the crane 

by a bolt and nut at the point of the jib, and passes round 

four pulleys, two moveable and two fixed, in the end of 

the jib ; it is then conducted down in the interior of the 

jib over three rollers to the barrel, which is also in the 

tube near the ground. On each side of the crane a strong 

cast iron frame is fixed for receiving the axles of the spur 

wheels and pinions. Four men, each working a winch of 

18 inches radius, act by two 6 inch pinions upon a wheel 

5 feet 3^ inches diameter ; this in its turn moves the spur 

wheel, 6 feet 8 inches diameter, by means of an 8 inch 

pinion, and on the axle of the former the chain barrel, 

2 feet in diameter, is fixed. Hence the advantage gai^^*^ 

by the gearing will be 

V7 18 X 63*75 X 80 



P 6x8x12 

U3 



158; 
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or taking the number of cogs in each wheel 

W 18x95x100 -.Q 
__ ^ ^ loo ; 

P 12x9x10 

and as this result is quadrupled by the fixed and moTeable 
pulleys, the power of the men applied to the handles is 
multiplied 032 times by the gearing and blocks. A break 
i^hecl, 5 feet 2 inches diameter^ is fixed on the other end 
of the spindle of the spur wheel ; and the power applied 
at its circumference is accordingly multiplied about 100 
times by the gearing and blocks. 

At the level of the ground the crane is firmly fixed in a 
strong cast iron frame, the outer edge of which is a circle 
of 11 feet 3 inches diameter; and on the edge of the well 
a similar ring is embedded in the masonry and secured by 
long holding-down bolts, leaving a space of 10 inches all 
round between it and the inner ring. In this space a 
number of strong cast iron rollers are placed, 10 inches in 
diameter, to prevent friction and facilitate the movement 
of the crane as it revolves round its axis. Upon the cast 
iron ring on the quay wall is fixed a circular rack, com- 
posed of cogged segments bolted together, into the teeth 
of which a pinion works, whereby the crane is made to 
revolve. This pinion is worked by a worm and wheel 
phiceJ in the counterpoise box; and two men are suf- 
ficient to move round the crane with 60 tons suspended 
from the extreme point of the jib. In working the crane 
the men stand upon a cast iron platform attached to it a 
few inches above the level of the ground. 

This crane, taking it altogether in regard to its strength, 
heiiiht, and the extent to which the weight raised can be 
swiin^ round, is probably one of the first and most 
l)owcrriil in Europe. It can raise or lower boilers in and I 
out of the holds of ships of the line ; pick up the heaviest 
ordnance from any of the decks ; and ship or unship masts 
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the larger cranes. If necessary they may be at once dis- 
connected, and the cranes worked by hand. 

The tubular principle has also been applied to railway 
travelling cranes, as shown in fig. 68, which is a sectional 
elevation of a 15 ton crane upon its truck. This crane 
revolves upon a steel pivot at jt?, and is balanced by a 
weight of about 8 or 10 tons attached behind the jib at 
w. In other respects it is precisely similar in construc- 
tion to the stationary cranes previously described. It 
sweeps over a circle of 25 feet in diameter, and lifts to a 
height of 18 feet above the rails. The chain barrel is 
protected from the weather within the jib, as shown at a. 

From the above description it will be seen that the 
great advantages of these constructions is their extreme 
lightness as compared with the weights they have to lift, 
and their powers of being extended to any amount of 
strength, height, or sweep that may be wanted. In con- 
clusion, they are admirably adapted for the loading and 
discharge of cargoes from vessels in dock, and for the 
transfer of the load to any point within the limits of a 
circle described by the chain suspended from the jib. 
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LECTURE VIII. 

ON THE PROPERTIES OF STEAM, ITS MANAGEMENT 

AND APPLICATION. 

[Delivered before the Leeds Philosophical Society. March I860.] 

If we were to enter upon the statistics of the accidents 
which have arisen from the use, or rather the abuse of 
steam, wc should have to present a fearful catalogue of 
catastrophes and loss of life. Few people are fully aware 
of the suffering which these accidents have entailed upon 
a certain class in the community, or of the immense de- 
struction of property which has proceeded from the mis- 
directed employment of steam. 

The Great Author of Nature has supplied us with a 
power which properly applied changes the destinies of 
nations, and confers unheard of benefits upon the human 
race. We have it at command in every department of 
human effort, and in every condition of life it subserves 
our will through every gradation from one to a thousand 
horses power. It stems the tides and currents of the 
ocean. It ploughs, spins, weaves, and grinds our com. 
It drains mines, pumps water, and carries us across the 
country with a celerity unknown in the past, and with 
a despatch and power which would have set at defiance the 
Genie of the Arabian Nights. It only requires a careful 
and judicious treatment, in preserving it from excesses of 
heat and cold, and confining it within bounds sufficiently 
strong to retain it, and a wise direction of its efforts, 
founded upon a clear and accurate knowledge of its pro- 
perties. 
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When we look around us and count the number of 
steam engines at work in every city, town, and hamlet ; 
when we see them traverse the rail, and depart across the 
ocean with unerring certainty, and consider at the same 
time the necessity of having all these movements under 
safe control, it assuredly follows that the makers of these 
engines and those who employ them should bring to their 
construction and superintendence a large degree of intel- 
ligence and a full knowledge of their principles. Unfor- 
tunately this is not always the case ; we are still deficient 
of knowledge on many points of construction and in 
regard to many of the properties of steam. To supply 
part of that knowledge is the object of the present address, 
in which I hope to show some of the means by which 
steam boilers may be made more secure, and to correct 
some erroneous views which have obtained currency in 
regard to the properties of steam. 

I. NEW PRINCIPLES IN THE CONSTRUCTION OP BOILERS. 

The production of steam in a vessel placed over a fire 
is a simple and well-known process, and one which requires 
no comment. The form of the vessel, commonly called the 
boiler, when steam is to be produced for industrial purposes, 
is, however, an important consideration, both as regards 
economy and strength. In the history of the steam engine 
we find an immense number of forms of boilers, most of them 
having served the purposes for which they were intended. 
At first, when high pressure steam was scarcely known, 
great strength was not required, and the form of the boiler 
was not of so great importance as at present. At that time 
the supply of water was regulated by a float, and th'" ~ 
sure in the boiler seldom exceeded 10 or 12 lbs. pf 
inch. At this pressure the waggon-shaped boiler j 
forms with flat surfaces were not so objectionable; 
steam is employed at from five to fifteen times t 



'im 



300 ON BTEAM 

sare, it becomes a qaeetion of the highest importaace that 
the vessels to retain euch an immense force should be con- 
structed of the best material, duly proportioned in thick- 
neaSt and arranged in the form of maximum strength. 

In former lectures I have discussed the rules and pro- 
portions for the construction of boilers adapted for station- 
ary en^nes, especially in reference to the resisting powers 
of the outer shell. At the lime that those proportions 
were given we were not aware of a hidden soorce of weak- 
ness, which further investigation has discovered, and which 
we now propose to remedy by simple means, which have 
been suggested by an increased knowledge of the laws of 
construction. 

It is well known that the great majority of the boilers 
in this country are now constructed with internal flaes or 

Elg. 69. 



tubes traversing the whole length of the boiler, most of 
them being upwards of thirty feet long, and varying from 
two to three feet in diameter. These flues are generally 
composed of plates of the same thickness as the outer shell 
of the boiler, and being of cylindrical form, they have 
been considered hitherto much stronger in their powers of 
resistance when forming an arch opposed to a uniform 
external pressure, than the outer shell subjected to the 
same force acting from the interior. This opinion was 
acted upon with confident security until ita erroneousness 
WM shown by direct experiment. Fig. 69 showfl the ordi- 
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nary form of the boiler in the manufacturing districts, 
about 30 feet in length, 7 feet in diameter, with two in- 
ternal flues a a, about 2 feet 8 inches in diameter. These 
flues as well as the external shell are generally composed of 
1^ inch plates, which corresponds with a bursting pressure 
for the outer shell of 303^ lbs. per square inch, which of 
course ought at the same time to be the collapsing pres- 
sure of the flues. This unfortunately is not the case, as, 
according to experiment, it is now found that the flues 
would give way with about 100 lbs. pressure per square 
inch, or the boiler would be destroyed by collapse at one- 
third of the bursting pressure of the shell. It is evident 
then that these internal flues have been constructed a 
great deal too weak, and without a knowledge of the true 
law of collapse. 

It has long been a desideratum to obtain some law by 
which the engineer could proportion the strength of the 
internal flues. There have been no definite rules to guide 
us hitherto in proportioning the diameter, length, and 
thickness of plates of the flues, so as to correspond with 
the strength required in the boiler. And even in cases 
where explosions have taken place from collapse, we have, 
it is to be feared, too often mistaken the actual cause, 
from the quantity of the debris covering the site, and the 
force which has torn to pieces the outer shell. 

To supply this want I undertook some time ago a long 
series of experiments on the laws of collapse, the results of 
which were made public through the Transactions of the 
Koyal Society.* The chief laws which were ascertained 
may be stated as follows : — 

I. Strength as affected hy length. — The results under 
this head are singularly interesting and conclusive. 

♦ The two papers on this subject are reprinted in the present volume, 
pp. 1-— 45 and 74—92. In this Lecture the results are exhibited in a more 
popular form for practical readers. 
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Within the liaiits of from 1*5 foot to about 10 feet in 
lengthy it is found that the strength of tubes similar in 
other respects and supported at the ends hj rigid rings 
varies inversely as the length. 

Thus taking the 4-inch tubes of different lengths^ we 
have the following mean results derived from experi- 
ment : — 

1. Resistance of four-inch tubes to collapse. 

ColUpilag 
pressure tn Ibf. 

(P.) P.L. 
137 2603 

4 '048 60 43 2580 

4 '043 40 65 2600 

The remarkable differences which exist in the resisting 
powers of the above tubes will be at once apparent. The 
constancy in the numbers in the last column, which re< 
presents the resisting powers of the tubes reduced to unity 
of length, on the assumption that the strength varies in- 
versely as the length between the supported ends, is a 
proof of the substantial accuracy of the above law. 

2. Resistance of six-inch tubes to collapse. 



iameter 


ThMkneM of 


Length 


ini. 


platei, int. 


Int. 


(D.) 


(t.) 


(L.) 


4 


'043 


19 



6 


t. 
•043 


L. 
30 


P. 
55 


P.L. 
. 1650 


6 


•043 


59 


32 


1888 



In this case, as before, the product of the collapsing 
pressure by the length is constant, and verifies the law. 

3. Resistance of eight-inch tubes to collapse. 



D. 

8 


t. L. P. P.L. 
•043 39 32 1248 


8 


•043 30 39 1170 


4. 


Resistance of ten-inch tubes to collapse. 


D. 
10 


t. L. p. P.L. 
•043 50 19 950 


10 


•043 30 33 990 
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In ihe same manner all the experiments might be taken 
and compared, and the law found true in every case. The 
discrepancies are comparatively small, and, as they appear 
to follow no law, are evidently errors of observation arising 
from unavoidable defects in the construction of the tubes 
and the varying rigidity in the plates of iron. 

Two experiments made upon actual boiler flues fixed in 
their proper position in boilers show that there is no great 
departure from the same law up to 35 feet in length. 

5. Resistance of boiler flues to collapse. 



D. 
42 


t. 
•375 


L. 
35 


P. 

97 


P.L. 
3395 


42 


•375 


25 


127 


3175 



The longer of these two flues collapsed with 97 lbs. per 
square inch, whilst the shorter sustained 127 before giving 
way. 

II. Strength as affected by Diameter. 

A precisely similar law is found to prevail in relation to 
the diameter. Tubes, similar in other respects, vary in 
strength inversely as their diameters. Testing this law 
in the same manner as the last, we have the following 
table : — 

6. Resistance to collapse of five-feet tubes. 



D. 


t. 


L. 


P. 


P.D. 


4 


•043 


60 


430 


172 


6 


•043 


60 


820 


192 


8 


•043 


60 


20-8 


176 


10 


•043 


60 


160 


160 


12 


•043 


60 


12-5 


150 



The nearly constant numbers given in the last column, 
and representing the product of the diameter and coUans- 
ing pressure, or the collapsing pressure reduced t 
of diameter, verify the above law of strength. 
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7. Resistance to collapse of two feet six inch tubes. 

D. t. Li p. P.D. 

4 -043 30 84 836 

6 *043 SO 02 318 

8 *043 30 39 318 

10 KHS 30 33 830 

12 *043 30 88 864 

The numbers in the last column are nearly oonstant 

III. Strength as affected by thickness of Plates. 

It is found that the tubes vary in strength according to 
a certain power of the thickness, the index of which, 
taken from the mean of the experiments, is 2*1 9, or rather 
higher than the square. 

F - 806300 X L^P- . . . (1). 

Where L is in feet. Or for convenience of calculation, 

log. P - 1*5265 + 2-19 log. 100 t.-log. (LD) . . . (2). 

With regard to cylindrical flues, the experiments indi- 
cate the necessity of an important modification of the 
ordinary mode of construction, in order to render them 
secure at the high pressures to which they are now almost 
constantly subjected. The weakness of flues on the 
present construction has already been shown. To remedy 
this defect, it is proposed that strong rigid rings of T, or 
angle iron, should be riveted at intervals along the flue, 
thus practically reducing its length, or in other words 
increasing its strength to uniformity with that of the 
exterior shell of the boiler. This modification, which is 
represented in Plate 11. figs. 2 and 3, is so simple and yet 
so effective, that its adoption may be confidently recom- 
mended to the attention of those interested in the con- 

^notion of boilers. 
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The following table of the proportions of boiler flues, 
supplementary to those given in the first series of Lectures 
on the proportions of the external shell, will be found 
worthy of attention. 

Table showing the proportions of internal Boiler Flues, 
for resisting a collapsing pressure of 450 lbs, per square 
inch.* 



Diameter of 
Flue in ins. 


Collapsing Pressure 
in lbs. per sq. in. 


Tliicluiess of Plates in parts of an inch. 


For a Flue 
10 feet long. 


For a Flue 
20 feet long. 


For a Flue 
30 feet long. 


12 

18 
24 
30 
36 
42 
48 


450 


•291 
•350 
•399 
•442 
•480 
•516 
•548 


•399 
•480 
•5-18 
•607 
•659 
•707 
•752 


•480 

•578 

•659 

•730 

•794 

•851 

•905 



In the above table the length of the flue must be 
measured between the rigid supports. In an unsupported 
flue, as ordinarily constructed, the length is measured 
between the end plates of the boiler ; in a flue as pro- 
posed above between the T iron ribs. For a collapsing 
pressure of 450 lbs. the safe working pressure would be 
75 lbs. per square inch. 

It will not be necessary to remark further on this sub- 
ject, except to illustrate, by an example, the importance of 
these facts to the safety of the public. In the disastrous 
accident which attended the first trial trip of the Great 
Eastern the funnel of the boilers, which was surrounded 
by a water-jacket, gave way by collapse at what was pro- 
bably a comparatively low pressure. This migt"^ ^ 
have been prevented had the maker been awa' 

* This table was given in the third edition of the first serie 
Information." 

X 
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Fig. 70. 



extreme weakness of such flues when of large diameter 

and great length. 

Fig. 70 shows the general arrangement of the boilers 

and funnel^ covered by the jacket a a. The funnel, six 

feet in diameter, is in this case exposed to 
the pressure of the steam, together with 

fthat of a column of water nearly forty feet 
in depth, and these two forces were quite 
sufficient to collapse the funnel and cause 
the frightful explosion which occurred. 

The great weakness of elliptical tubes, 
shown in the experiments on collapse, points 
out another source of danger in marine 
boilers, viz. the " take-up ; " that is, the 
drawing in of the plates from a rectangular 
to a cylindrical form, where the flues join 
the funnel. ' This part requires the utmost 
attention, as it is not only the weakest part 
of the boiler from its form, unless very 
carefully stayed, but it is much exposed to 
overheating from the gases rising from the 
furnaces where it is above the level of the 
water, in which case its powers of resist- 
ance must be greatly diminished. 




II. THE DENSITY OF STEAM. 

If fatal accidents in the use of steam lead us to study 
the forms and proportions of boilers, the necessity for 
economy in its production and application should induce us 
to study minutely its properties. The knowledge of the 
latent heat of steam, the discovery of which had been 
naade a short time before by Dr. Black, led Watt to his 
great invention of separate condensation, and since that 
tune some of the most eminent scientific men have inves- 
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tigated^ theoretically and experimentally^ its various pro- 
perties. Much has, however, yet to be done ; it is true we 
have the experiments of Bobison, Southern, XJre, Dalton, 
Arago and Dulong, the Franklin Institute, and last, but 
not least, of Begnault in France, and many others of less 
importance than these, so that the relations of temperature 
and pressure, and the amounts of latent heat, total heat, 
and specific heat at all temperatures have now been deter- 
mined with an accuracy which we can hardly hope to see 
excelled. But there are other properties of which we have 
hardly any experimental knowledge at all. To supply some 
of these defects I have been engaged upon a laborious series 
of experiments, in conjunction with my friend Mr. Thomas 
Tate, with a special view to determine the relations of 
temperature and density of saturated steam, and the laws 
of the expansion of superheated steam, which have not 
hitherto been made the subject of any reliable experi- 
ments. These experiments, not yet completed, have not 
been unattended with danger, from the necessity of 
employing glass tubes and globes at elevated temperatures 
and considerable pressure. Some of these tubes exploded, 
and on one occasion my assistant, when reading off the 
mercury levels, nearly lost an eye from the fragments 
scattered about from a violent explosion. Every possible 
precaution has however been taken to obtain accurate 
results, and as in several respects these are new and 
interesting, a brief abstract may be given here in anticipa- 
tion of the publication of the results in a detailed form. 

For a perfect gas the law which regulates the relation 
between the temperature and volume, and known as Gay- 
Lussac's or Dalton's law, combined with the law express- 
ing the relation of pressure and volume, known as Boyle's 
or Mariotte's law, is expressed in the equation, — 

V P E + t ^gX 

X 2 
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where V is the volume of the gas at P pressure and T 
temperature^ a constant which, according to Kegnault's 
experiments, is 459. Now, assuming that steam follows 
the gaseous laws, we have, according to Dumas's experi- 
ments, V = 1669, when P' = 14'7 lbs. per square inch, 
and at a temperature if = 212^ F. Making these substi- 
tutions in equation 3, we get for the volume of steam at 
any other temperature and pressure 

v i«AO 1**7 459 + t ,--459 + t .^^ 

V » 1669 X — - V «= 36*5 — ^ (4\ 

P '^ 459 + 212 T; ^ ^' 

From this well-known formula all the tables of the 
density of steam have hitherto been constructed on which 
calculations of the duty of steam-engines have been 
founded. 

Although the accuracy of this formula, as applied to 
steam, has for some time been doubted, yet up to the pre- 
sent time no reliable direct experiments have been made 
to test its truth, nor are the methods hitherto employed 
in determining the density of gases and vapours appli- 
cable, in this case, except at the boiling temperature of the 
liquid under ordinary atmospheric pressure. But, on the 
other hand, theoretical calculations, arising out of the 
application of Carnot's theory, throw considerable doubt 
upon the accuracy of this formula, and these suspicions 
have been confirmed by the numerical results of Reg- 
nault's magnificent experiments upon latent heat. It is in 
attempting to set at rest this question by direct experiment 
that the present apparatus has been devised. 

For permanent gases the laws of Gay-Lussac and 
Mariotte have been abundantly confirmed by Regnault's 
experiments upon air and carbonic acid. These are nearly 
perfect as gases, and the deviations from the gaseous laws 
indicated in the experiments are small, except at very enor- 
mous pressures. But with vapours the case is widely diflfer- 
ent. And as early as eight or ten years ago Dr. Joule and 
Professor William Thomson announced, as the result of 
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applying the new theory of heat to the law of Camot, that 
for temperatures higher than 212° there is a very con- 
siderable deviation from the gaseous laws in the case of 
steam. Later, in 1855, Mr. Macquorn Kankine gave a 
new formula for the density of steam, independent of Gay- 
Lussac's law, and this confirms Mr. Thomson's surmise. 
Still these speculations require the confirmation of direct 
experiment. 

The density of steam is ascertained by placing in a 
glass globe, of measured capacity, and exhausted of its 
air, a weighed quantity of water. The globe is then placed 
in a bath, and raised] in temperature until the entire 
weighed portion of water is converted into steam. The 
temperature at which this happens is noted, and we have 
thus the three elements for calculating the density, the 
temperature, the volume and the weight, from experimental 
data. The. specific volume of steam, at the temperature 
noted, is equal to the capacity of the vessel, measured by 
the quantity of water: it would contain, divided by the 
weight of water introduced into the globe. By employing 
different weights of water the density at any number of 
temperatures can be ascertained, and a new formula de- 
duced from direct experiment. 

Two difficulties, however, have to be overcome. First, 
the pressure of the steam renders it necessary that the 
glass globe should be heated in a strong and, therefore of 
necessity, opaque vessel. Hence the temperature at which 
the water is vaporised cannot be determined by direct 
vision. Secondly, as steam rapidly expands in volume for 
any increase of temperature beyond the temperature of 
saturation, it would in any case be impossible to decide 
by the unaided eye the exact temperature at which all the 
water became vaporised. The slightest error in deciding 
the temperature of saturation would vitiate 
ments, and render the results of no value. 

X 3 
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The £fficiiltj tlnia icsoIycs itedf into Ha^ to find aome 
oilier tert snfficientl j ddicate to determine the pcunt of 
Mtmstioo. This has been OTeroooie 1^ whmt mm j be 
termed the atmadon guage^ and it is in this that the 
norel^ and Talue of the present method oonsistsL 

The rim|dest form of this gange ma j be illostrmted by 
the diagram, fig. 71. Suppose two globes a and b, fireed 
from nir, and connected hj the bent tube c i>, which con- 
tuns a portion of mercnrj. Suppose enough water in- 
troduced into A, to be yaporised at a temperature of 

Fig. 71. 




290** Fahrenheit, which corresponds with a pressure of 
50 lbs. ; and let any larger quantity be introduced into b ; 
and let the water in A be separated from that in b by the 
mercury column c d. If now the globes be heated, the 
water in each will go on vaporising, and the pressure in 
each will go on increasing uniformly, until all the water 
in A is converted into steam. As soon as this point is 
reached the mercury columns will change their level, the 
column c rising nearly two inches for every degree 
Fahrenheit above the saturation point. The instantaneous 
rise of the column is the indication of the temperature of 
saturation. The caude of it will be perceived. As soon 
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ae the water in a is vaporised 
the pressure in that globe prac- 
tically ceases to increase ; but as 
water still remtuns in b, the 
pressure in that globe increases 
about one pound for every de- 
gree Fahrenheit. The unequal 
pressure on the mercury column 
c D causes the rise observed. 
The increase of pressure result- 
ing from vaporisation at 290° 
ia about twelve times the corre- 
sponding increase for super- 
heating or ezpansion, and for 
other temperatures the difference 
is about the same. 

The application of this prin- 
ciple is obvious. Fig. 72 repre- 
sents one of the forms of appa- 
ratus which has been constructed 
and employed with success, a 
is the measured globe with a 
graduated stem into which the 
weighed portion of water is in- 
troduced, after a Torricellian 
vacuum has been formed. It is 
placed in the copper boiler b, 
and its stem t, t, passes down 
the glass tube o, o. The boiler 
B is fitted with a cover, blow 
off cock p, and thermometer *. 
To heat the apparatus coils of 
gas jets B, E, are employed, and 
the temperature of the glass tube 
o, o, ia regulated by the bath, 
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their state of aggregation. Close to the saturation point 
we find a very high rate of expansion^ but this rapidly 
declines as the steam superheats, and at no very gre^ 
distance above it the rate of expansion nearly approximates 
to that of a perfect gas* 

ThuSi for instance, in experiment (6) where the point 
of maxim im saturation was 174^*92, between this and 180^ 
the steam expanded at the mean rate of y^, whereas air 
would have expanded ^^ only ; but on continuing the 
superheating, the coefficient was reduced between 180^ and 
200^ from y^ t^ -sir* ^^^ ^^' ^' ^® coefficient would 
have been -^^r^ ^' i^ost exactly the same, and this rule 
holds good in^very experiment ; a high rate of expansion 
dose to the saturation point diminishing rapidly to a dose 
approximation to that of air« 



315 



APPENDICES. 



APPENDIX I. 

ON THE RESISTANCE OP BASALT TO CRUSHING. 

Since the paper on Stone was printed (p. 1 29), I have had an 
opportunity of testing the resistance of Basalt, or Whinstone, 
a rock which does not find a place in the list given in that 
paper. The following results were obtained : — 

Specimen 1. 

Height 1*25 inches. 
Area 1-22 x 1-24= 1-5128 sq. inches. 
Fractured with a weight of 17,418 lbs. 
Crushed with 17,866 lbs. 
Equivalent to 11,755 lbs. per sq. inch. 

Specimen 2. 

Height 1*38 inches. 
Area 1*26 x 1*25= 1*5750 sq. inches. 
Fractured with 17,418 lbs. 
Crushed with 19,914 lbs. 
Equivalent to 12,643 lbs. per sq. inch. 

Specimen 3. 

Height 1*38 inches. 

Area 1*26 x 1*26 inches =1*5876 sq. ind 
Crushed suddenly with 18,274 lbs. 
Equivalent to 11,510 lbs. per sq. inch. 
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AU the above spedmens fractured by vertical fissures split- 
ting up into thin prisms, wedge-shaped usually at one end. 
The mean crushing resistance of the above specimens is there- 
fore— 

lbs. 

(1.) 11,755 
(2.) 12,643 
(3.) 11,510 

Mean . . . 11,970=5*3437 tons per sq. inch. 

The mean of three experiments on Granite gave 1 1,565 Ibi. 
per sq. inch for the crushing resistance of that substance, and 
for Grauwacke from Penmaenmawr it was found to be 
16^893 lbs. per sq. inch. The Irish Basalt is, therefore, equal 
in strength to the Granite, but inferior to the Grauwacke in 
the ratio of lO to 1*4. 
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MB. Grantham's views on the strength of iron ships. 

Since the above Lecture was written I have had an oppor- 
tunity of reading Mr. Grantham's paper on the Strength of 
Iron Ships, and it is gratifjing to me to find that that gentle- 
man takes precisely the same views as I have expressed above 
in regard to the weakness of our present construction of iron 
vessels. He adduces an additional reason for increasing the 
strength of the upper part, viz. the tendency of very long 
vessels to hog. " It is well known," he says, " that many iron 
steamboats are now employed in carrying heavy cargoes, 
whose length is eight times the beam, and I have frequently 
examined one vessel, that has sailed round the world, who8(9 
length is nine times the beam ; nor is there anything in these 
vessels which would lead to the conclusion that such propor- 
tions are excessive. On the contrary, with improved constmc- 
tioDi a much greater length may be ultimately attained. 
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especially in large vessels. The maximum of length in wooden 
ships has often been attained, and probably a proportion of six 
"> times the beam has seldom been exceeded, without showing 
unfavourable results, when heavy weights had to be carried. 

" I shall best explain my views by describing the result of 
a calculation I lately made for the purpose of giving evidence 
in an important trial. The object sought was, to ascertain 
whether a vessel loaded as this was would rise or fall at the 
ends, or, in popular language, whether she would sag or hog. 
This ship was built of timber, with fine lines, rather light 
ends, and the cargo very evenly distributed ; she was 225 feet 
long, and 42 feet beam. For the sake of the calculation the 
longitudinal elevation was divided into ten equal parts. The 
displacement of each section, the weight of the ship, and cargo 
also of each section, were calculated, when it was found that 
the ends were depressed by a force of 220 tons, and thus threw 
a strain on the centre equal to that weight multiplied by the 
leverage. 

** The tendency, as above observed, is to build iron ships, 
especially iron steamers, much longer and finer than this vessel ; 
it is clear that the excess of weight over displacement at the 
ends will increase in the same ratio, unless precautions are 
taken to reduce the weight there. Great attention has been 
paid to this subject in the timber built steamers of America ; 
and it is found that vessels which to us appear dangerous, 
from the extreme height of deck-houses and machinery amid- 
ships, are plying throughout the year on their wild Atlantic 
coast with comparative safety. 

" Now it is quite clear that a vessel should be so constructed, 
and, if possible, so loaded, that when in smooth water the weight 
should as nearly as possible correspond with the displacement 
of every portion." 

In regard to the distribution of material in ships as now 
constructed, Mr. Grantham expresses himself strongly. "I 
think I shall best serve the cause I have so long advocated, by 
saying distinctly, that in my opinion a large proportion of the 
material now used in iron ships is worse than us . . 

<< Experience has confirmed the impression whi 
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upon any unbiassed mind, on reading the specifications of 
manj of our finest ships, viz. that they would first show weak- 
ness in the centre, the scantling given to the ends being in 
general out of all proportion to that of the midships.** ..... 
" The Great Eastern is perhaps the only large vessel where this 
question has been fairly dealt with, the only one where the 
girder principle has been efiectualiy applied, and though the 
exact form there adopted could only be applied in very large 
ships, yet the principle is correct, and probably the proportions 
also." 
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LETTERS TO THE " TIMES " ON THE WRECK OP THE ROYAL 

CHARTER. 

/. — To the Editor of the Times. 

Sm, — Among the many and mighty inventions and adap- 
tations which have contributed to make this country and thfs 
age famous, a conspicuous place must be given to the applica- 
tion of iron to shipbuilding. Without it England's mercantile 
marine could scarcely have kept pace with the marvellous 
growth of her commerce, and oceanic steam navigation would 
yet have been in its infancy. Even Brunei's genius would 
have quailed in attempting the construction of the Great Ship 
in any other material ; and it is scarcely too much to say that 
the abundance and richness of the ferruginous ores which are 
found in this island, and the facilities for their reduction 
placed to our hands by nature, compelled our naval con- 
structors to direct* their attention to the use of manufactured 
iron in building vessels. 

The iron ship, when well built, is indeed stronger, safer, and 
more durable than any other, and yet if we search the records 
of those disasters to which all seagoing ships are exposed, it 
will be found that the most destructive and appalling have 

"birred in iron bottoms. I need only call to mind the wreck 
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of the Birkenheady which will find a place in history as the 
scene where the disciplined bravery and devotion of our 
soldiers were nowhere more conspicuously displayed, and that 
awful and heartrending catastrophe which within the last few 
days has carried sorrow and anguish into hundreds of homes. 
Yes, while the hearts of relatives are yet bleeding, and the 
public is stunned with the immensity and suddenness of its 
loss, while many would try to bury their grief in oblivion, and 
others would prefer to contemplate in silence such an illus- 
tration of the mysterious ends of Providence, I conceive that 
the lessons which the loss of the Royal Charter is calculated 
to afford ought not to be overlooked, and that the causes of a 
wreck so sudden and so complete should be most promptly and 
searchingly investigated. 

I would, therefore, very earnestly and prominently bring 
under the notice of your readers certain general features and 
practices in the construction of iron vessels which in my 
opinion are in the last degree dangerous and reprehensible. It 
would seem to commend itself to the common sense of every 
man, that in building an iron sailing or steamship which is to 
be subjected to all the strains and bufietings of tempest-tossed 
seas, which will be freighted with hundreds of human beings 
and the most precious cargoes, and which must run the risks 
of collisions and strandings, none other than the very best and 
strongest materials should be employed. The toughest iron, 
the best seasoned spars, and the stoutest planks and ropes 
should alone find places in such a venture. But in our ordi- 
nary every-day practice is this the case ? Is not any kind of 
iron thought good enough to build a ship with ? What is the 
meaning of " boat plates " being the lowest priced in any iron- 
maker's list ? If we pay 25Z. or 30/. a ton for the plates of 
which a locomotive boiler is made, why should we give only 
8Z. 10s. or 9Z. per ton for those of which a ship is built ? If 
safety can only be bought at the high price in the one case, 
are we not courting disaster with the low price in the other ? 
Who will draw the fine line of distinction in moral responsi- 
bility between the directors of a railway company ""d 
take your fare, place you in a comfortable first-< 
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and drive jou at forty miles an hour over a viaduct which was 
miserablj insecure^ and the owners of vessels who send passen- 
gers to sea in ships sheathed with plates which are as brittle 
as glass ? The only answer to this question in the waj of 
excuse is, I fear, that most men are really and truly ignorant 
of the facts. In the eyes of the merchant in London or 
Liverpool, who orders the building of a ship, iron is iron. He 
probably docs not know that in this material there are as many 
shades of quality as there are in the wines or fruits which all bear 
one common name, and yet I am within the mark when I say 
that he might by paying 21. or 3/. per ton increased price upon 
the plates forming the outward sheathing of his ship immensely 
increase the vessel's strength and durability. 

With good well-worked plates, where the fibre of the iron is 
ductile and tenacious, and where these plates are well and 
judiciously fastened together, no vessel, even if wrecked in 
such a gaJe as that of last Tuesday, would break to pieces so 
suddenly and so utterly as the Royal Charter seems to have 
done. 

But built of the " boat plates " of the present day, God help 
the human freight of tlio ship that strikes upon a rocky 
shore ! 

I would therefore advise shipowners when contracting for 
new vessels, instead of being satisfied with a specification 
which provides good ordinary " boat plates " to be used, and 
which are, in fact, about the most rubbishy quality of iron 
which is made, to insist that the sheathing should all be of best 
best, or double-worked quality. In a vessel of 1000 tons it 
would not increase the cost 500/., and the value is gained in the 
greater strength and durability of the ship, to say nothing of 
the lives that it may possibly save. 

Further, I would caution all well-disposed shipowners to 
look with great suspicion upon the cheap offers which are con- 
stantly laid before them as temptations to order ships. To any 
one conversant with a ship's value, what other construction 
can be put upon a contract for a vessel of 1000 tons, with the 
most expensive outfit, for 13/., or 13/. 10*., or even 14/. per 
ton measurement ready for sea, than that the builder means to 
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employ bad materials and scamp his work ? He begins upon 
such an order with a determination either to cheat his cus- 
tomer or cheat his creditors. But such vessels are built on the 
Clyde, the Tyne, and elsewhere, and I maintain that the ship- 
owner, in buying them, shares with the builder the moral 
responsibility of a great guiltiness, for they are deliberately 
launched and freighted to go to the bottom. 

I am, Sir, your faithful servant, 

Amicus. 

Manchester, Oct. 31. 



//.— To the Editor of The Times. 

Sir, — In noticing the letter on iron shipbuilding which I 
addressed to you soon after the wreck of the Royal Charter, 
you most correctly observed that in making the statements I 
did it was neither my intention nor my wish to point any par- 
ticular charge against the owners or the builders of that unfor- 
tunate ship. To have done so while the inquiry before the 
coroner's jury was unfinished, and when we were promised an 
official investigation by officers appointed by the Board of 
Trade into the causes of the disaster, would have been most 
inconsiderate and most unfair. I therefore confined my charges 
to certain hurtful practices both in the construction and the 
purchase of iron ships, which may be said to be of almost 
general pertinence, and therefore well worthy of attentive 
consideration. These evils are — first, the frequent use of the 
worst quality of iron made, and called " boat iron," in the 
construction of ships ; and, second, the frightful risks te life 
and property which the public is called upon to sustain in 
consequence of a competition among shipbuilders, encouraged 
by shipbuyers, wherein price alone is considered, and quality 
(which includes durability and safety) is entirely ignored. 
' While dealing with these general questions I ve 

Y 
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however, to express an opinion that no properly proportioned 
vessel, if built of well-worked ductile iron plates, and well 
fastened together, would have shivered to atoms so suddenly as 
the Royal Charter seems to have done, and to this opinion I will 
still firmly hold for the sake of the interests involved and the 
thousands of lives now afloat in our iron ships. 

It is true that the Welsh jury found a verdict acquitting 
everybody of blame, and the able report of Mr. Mansfield, 
which I have just read most carefully, states that from the evi- 
dence he had arrived at the conclusion that the Royal Charter 
was, at the least, fully equal in strength to the average ships of 
her class at the same date (1855). 

I do not quarrel with either verdict or report. Upon the 
evidence brought before the two tribunals the decisions could 
not have been different. But if that evidence had been made 
more comprehensive ; if the captain or others in authority had 
been saved to tell us of the ship's behaviour in heavy weather ; 
if we had had more general and extensive tests of the strength 
of the ship's material ; if some calculations had been furnished 
of her strength considering her hull as a beam supported in 
the middle and unsupported at its ends, which must have 
been very nearly the ship's position when she parted amidships; 
and if we had been informed whether the plates used in her 
construction were really " boat plates," or " best plates," and 
where they had been made, the public would have been inclined 
to attach greater importance to the conclusions arrived at. 
Because, if those conclusions were indisputable, I confess they 
would give rise in my mind to many most anxious reflections — 
reflections which would be so painful to myself and to others, 
that I would stifle their expression rather than create alarm by 
their publication. 

We are told that the Royal Charter was fully equal in 
strength to the ships of her class. Am I, therefore, to believe 
that every iron ship which shall drift during a storm on to a 
rocky shore, or which shall sustain an equally severe shock by 
collision in mid-ocean with another ship, must of necessity 
tumble to pieces in the short time — the few awful minutes — 
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which sufficed to huny the Royal Charter^s wretched pas« 
seDgers and ship's company into etemitj ? Am I to believe 
that there is no hope for the human freight of such a ship 
stranded within fiftj yards of land, and with a hawser already 
sent on shore — that it is their inevitable fate to be engulfed 
by the angry waters, struggling and clinging together ? Are 
sea-voyagers to be told that, of all the thousands of iron ships 
afloat, the fate of every one is almost instantaneous and utter 
destruction, should she strike upon some hidden reef? 

Surely these are unnecessary alarms and suspicions to 
entertain, even after so terrible a tragedy as the wreck in 
Moelfra Bay ; and yet a belief in them is a legitimate deduc- 
tion from the admission of the Royal Charter being, for her 
class, a vessel of fully average strength. 

And surely it is a more probable, a more charitable, and a 
more comfortable inference, that some hidden source of weak- 
ness in the materials or in the construction of the ill-fated ship 
itself was the cause of that sudden and terrible crash, than 
that so many we love and so much that we value are now and 
always intrusted in fragile and unsafe ships. 

There are not wanting many and pertinent examples of 
wrecks to iron ships which point to the very opposite conclu- 
sion, proving their strength and safety, and showing how 
tenaciously they will hold together under severe and lengthened 
strains. The Great Britain^ it will be remembered, was left 
bumping upon the rocks in Dundrum Bay during a whole 
winter, and even in that exposed position was thought so safe, 
and so far from destruction, that her crew remained on board. 
In the case of the Vanguard^ wrecked on the west coast of 
Ireland, and exposed consequently to the full swell of the 
Atlantic, it appears she remained in a position in which, from 
midships to the stern, she was entirely unsupported, and yet 
was so little injured that, in the words of one who went over 
to examine her, '^ although beating hard upon the rocks for so 
many days, no part of her engines was deranged, and 
were kept constantly at work." Again, the Royal Geo 
iron steamer running between Liverpool and Glasgow, 

T 2 
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vessel of unnsual length compared to her beam, got on a rock 
near Greenock at high water, and as the tide receded it was 
found she rested nearly on her centre, with both ends entirety 
unsupported. No vessel could have been subjected to a severer 
strain than this, and jet she als« was hauled oiF at the next 
tide entirely uninjured. I could adduce numerous other 
instances to prove mj point that well-constructed iron ships 
are very safe — in fact, safer than any wooden ships can be 
made, because the iron ship is by the riveting and proportion- 
ing of the plates made into a firm continuous mass of uniform 
strength ; whereas a wooden ship is composed of innumerable 
pieces, which at best can only be imperfectly joined together. 
But then greater circumspection is required in the selection of 
the material for the iron than for the wooden vessel. A shaky 
or rotten piece of oak, teak, or elm is easily detected ; and if a 
shipbuilder use deal where oak should be placed, at least his 
dishonesty is readily discovered. But, if I may be permitted 
the paradox, iron is not always iron. It is sometimes^rubbisb, 
and in this category I would unhesitatingly place all ^' boat 
plates." It is not that even in these inferior plates pieces may 
not be found which shall come up to and even surpass Mr. 
Fairbairn's standard of the average tenacity of good Stafford- 
shire plate ; but, being made chiefly from cinder iron, it is 
their inequality and uncertainty which is most to be dreaded. 
The strength of the whole is that of the weakest part, and 
when I tell you that out of the same "boat plate," or iron of 
that quality, two pieces have been taken, one of which sustained 
22 tons to the square inch of section, while the other failed 
at 5 tons, I have said enough to show why this dangerous 
material should be at once discarded in building ships, and the 
price of "best plates " be paid to ensure the exclusion of cinder 
iron from their manufacture. Boat plates are shams.. They 
are got up to deceive by appearances. Smooth and well- 
looking on the surface, the source of mischief lies hidden 
underneath — rotten at the core, like the grub-eaten fruit 
♦empting skin conceals the tiny hole by which the 
'tered. But this iron is a curse as well as a decep- 
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tion, for while you may be angered at the Yankee who has 
sold you wooden nutmegs, or the grocer who sands his sugar, 
or the petty swindler who sells you 100 yards of sewing cotton 
" warranted " 200, 1 know no words strong enough to condemn 
the practice of makers and buyers alike, who in structures 
where the safety of life and limb is at stake, will willingly and 
knowingly, and for gain's sake alone, imperil the existenee of 
their fellow-creatures. 

I am, Sir, your faithful servant, 

Amicus. 
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USEFUL 

INFORMATION FOR ENGINEERS. 

Being a Seriei of Lectures deliTered 
before the Woridng Engineera of Yorkihire and 
Xiancashire. Witb Appexidieet, containing the Besnlti of Ex- 
perimental Inqniriei into the Strength of Xateriali, 
the Canses of Boilnr Krplninnni, 4x. 



THE following subjects 
are comprised and il- 
lustrated in this work : — ^The 
construction of boilers, with 
rules for calculating their 
strength, &c. ; the causes of 
boiler explosions ; the con- 
sumption and economy of fuel, 
and the prevention of smoke ; 
the necessity of incorporating 
the knowledge of science with 
the practice of the mechanical 
and industrial arts; metallic 
constructions applied to ship- 
huilding, &c. ; the theory of steam 
and tne steam-engine ; experi- 
mental inquiries into the strength 
of wrouj^ht-iron plates, and ttieir 
riveted joints ; experimental re- 
searches to determine the strength 
of locomotive boilers, and the 
canses which lead to explosion, &c. 
In the Sec<Hid Edition the order 
of the Lectures was changed to 
facilitate reference and insure a 
more continous method of treat- 
ment ; and at the end of the 
volume, vith other illustrative 
matter, the author placed a notice 



J 



of certain experiments which 
he had conducted at the re- 
quest of the Boval Society 
and the British Association for 
the Advancement of Science, 
on the resistance of cvliu- 
drical vessels to compression 
from an external and sur- 
rounding force. These expe- 
riments furnished data which 
have modified the generally 
received opinions as to the 
strength of boiler flues and 
other similarly situated cylin- 
drical tubes. In the present {third) 
edition, amongst other improve- 
ments, this subject has been care- 
fully reconsidered and further de- 
veloped; the results of the author's 
own experiments on collapse are 
more fully stated ; and the rules for 
proportioning vessels to resist an 
external strain are given in a form 
in which they can be easily applied 
in practice. The substance of the 
volume has been revised throughout; 
the plates have been engraved anew; 
and an Index is given for the pur- 
pose of reference and consultation. 
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Nearly ready, in 2 vols. 8vo. with namerous Woodcuts 

and Engravings on Steel, 

A TREATISE 

oir 

MILLS AND MILL-WORK 



THIS work is intended to 
discuss^ in a simple and 
intelligible manner, the prin- 
ciples of construction, propor- 
tion, and strength of all the 
machinery falling within the 
province of tbe millwright ; 
and to illustrate the machinery 
so described, and the general 
arrangement of various de- 
scriptions of mills by examples 
taken from the Author's own 
practice. It treats, first, of 
the mathematical principles of 
mechanism in general, and the 
elements of which the more 
complex machines are com- 
posed. In the next section 
prime-movers are discussed, 
oeginning with those depend- 
ing on water power. The 
principles of hydrostatics, the 
collection, measurement, store- 
age, and application of water 
are treated of at considerable 
length. The construction of 
the various forms of overshot, 
undershot, breast and Ponce- 
let water-wheels, and the me- 
thods of ventilation are de- 



scribed. Turbines and the 
simpler water-pressure en- 
gines are also treated of, and 
especially that introduced by 
Mr. James Thomson, and 
known as the vortex wheel. 
The properties of steam, are 
then considered; and a resume 
is given of the Author's own 
experiments on the density of 
saturated steam and the ex- 
pansion of superheated steam. 
The various forms of steam- 
engines and boilers employed 
in mills are illustrated. In 
the next section transmissive 
machinery is treated of, in- 
cluding framing, shafting, 
couplings, gearing and the 
principles of the formation 
of the teeth of the wheels. 
Another section is devoted to 
examples of various descrip- 
tions of mills, including corn 
mills, cotton, flax, and woollen 
mills ; and lastly, other miscel- 
laneous machinery usually con- 
structed by the millwright, in- 
cluding cranes and machinery 
for lifting, will find a place. 
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Institution. By Max MIJlleb, M.A. Taylorian Professor in the University 
of Oxford. FiBST Sesibs, Fifth Edition, Vis, Sbcoitd Sebies, 18«. 
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NEW PRACTICAL DICTIONART of the GERMAN LANGUAGE; 

German-English and English-German. By the Rev. W. L. Blackley, MA. 
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on his Life and Genius. By the same Author. 16mo. 28. 6d, 

OCCASIONAL ESSAYS. By Chandos Wren Hosktns, Author of 
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SOROPB, M.P. K.RS. Second Edition. 8to. with Illustrations, 15t. 
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Q.C. V.P.B.8. Fourth Edition. 8vo. Is. 6d. 

MANUAL of GEOLOGY. By S. Haughton, M.D. F.R.S. Fellow of 
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G. Wood. M.A. F.L.S. With about 140 Vignettes on Wood (20 fuU size of 
page). Second Edition. 8vo. 2U. 

MANUAL of G0BAL8 and SEA JELLIES. By J. R. Greene, B.A. 
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ELEKEKTS of CHEMISTBY, Theoretical and Practical. Bj Wilixak 
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The DIAGKOSIS and TBEATUEIIT of the DISEASES of WOKEH; 
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LECTTTBES on the DISEASES of IKPANCY and CHILDSOOD. Bj 
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Vol. I. General Pathologj^. 21«. 
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LECTURES on the PRINCIPLES and PRACTICE of PHYSIC. By 
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Edition. 2 vols. Kvo. 3j.«}. 

LECTURES on SURGICAL PATHOLOGY. By J. Paget. F.R.S. Sur- 
goon- Extraordinary to tho Queen. Edited by \V. Tuhner, M.B. 8vo. with 
117 Woodcuts, 21.?. 

A TREATISE on the CONTINUED FEVERS of GREAT BRITAIK. 
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8vo. with coloured IMales, 1R«. 

ANATOMY, DESCRIPTIVE and SURGICAL. By Henkt Gray, 
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The CYCLOPJEDIA of ANATOMY and PHYSIOLOGY. Edited by 
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2,853 Woodcuts, £;« ds. 
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With nnnierouM Illustrations. Vol. U. 8vo. 2fi«. 

Vol. I. New Edition by Dr. Lionel S. £eale. F.E.S. in course of publi- 
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HISTOLOGICAL DEMOKSTEATIONS ; a Guide to the Microscopical 
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the Mt'di<'al and Veterinary Professions. By G. Haslet, MJ). andG. T. 
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The TOXICOLOGIST'S GUIDE: a New Manual on Poisons, giving the 
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A MANUAL of MATERIA MEDICA and THEBAPEUTICS, abridged 
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Br. Pereira's Elements of Materia Medica and Therapeutics. Third 
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THOMSON'S CONSPECTTTS of the BBITISH PHARMACOPCEIA. 

Twenty-fourth Edition, corrected and made con'ormable throuKhout to the 
New Pharmac/)pGeia of tlie General Council of Medical Education. Bj E. 
-Lloyd Birkett, M.D. 18mo. 55. Qd, 

If AKDAL of the DOMESTIC PRACTICE of MEDICINE. By W. B. 

Kesteven, F.R.C.S.E. Second Edition, revised, with Additions. Fcp. Ss, 

The RESTORATION of HEALTH; or, the Application of the Laws of 

lly)ri(>n" to the Recovery of Health : a Manual for the Invalid, and a Guide 
in the Sick Room. By W. Siean&e, M.D. Fep. 6s. 

SEA-AIR and SEA-BATHING for CHILDREN and INVALIDS. 

By the name Author. Fcp. boards, 8«. 

MANUAL for the CLASSIFICATION, TRAINING, and EDUCATION 

of the Feeble- Minded, Imbecile, and Idiotic. By P. MAEXiiir Duncan, M.B. 
and WxLLiAJt Millabd. Crown 8vo. 5s. 



The Fine Arts, and Illustrated Editions. 

The NEW TESTAMENT, illustrated with V7ood Engravings after the 
Early MaHters. chiefly of the Italian School. Crown 4to. 68«. cloth, gilt top ; 
or £5 fit. el<%autly bound in morooco. 



Arts, Manufactures, i^c. 

DBA WITS bom KATITBB', ■ Serin of PragrefiiTc Iiu)nictiMM in 

Bketchlnic. rrom ElcmenUiry Hturlin to Fliiithnl Vlswi, with InnplH 
frum Bvftierluid (nd thp Pvrnnem. Bj Qborob Baskakd, rrofaMOr d 
DnwInK *t I why School. WKb IS LlthognpUc FiMf, ud IM Vood 
Engrarlnga. liDp.8vo.tM. 
eVUTB KHCTCLOFJEDIA of ABOEITECTXrBX. Htw EdrtioD, 



rticiLwllh AI'''n't'r>ni>>iidnon>l>trn)>1aAddltlniu.bT WTiTTPilvona. 

.. lllikbavvMH New Knicnvinmand UUsnisioa WDodbtrO, * ~ ' 

Upwirdi t>f IWuther Wgodcuti. Svu. [/■ 



TDBOU flCITLPTOSS. their Ltvai, Vorlu, and TlmM. With 4( 

Etcblnitt and iH WonUuti from Oriiilwl UrtwlDsa Mid FboWgitplM. Br 
ClUBLU C. PtftKIMI, i voltt. ImpcHil Dvu. 65*. 
Tba OBAWAS of HISALDST: contninini; • DeMription of ill tU 

LDnn uKiI 111 Armonr, tlin Slfniianttion or B'^raldk Tsm*, ud 

no meUTEEB'S handbook i explublDe tho PrineiplM wliwh 

•hould|niU« the "-- ' '^ "" "— -■ " ' •---.-. ~- 

C. B. LoirniM. ] 
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The ELEMEHT8 of XECHAHISlf. By T. M. Goodete, M.A. 
Profeasor of Mechauica at the R. M. Aoad. Woolwich. Second Edition, 
with 217 Woodouts. Poet 8vo. 6f . 6c{. 

VBE'S DICnOKABT of ABT8, MAITITFACTUEES, and XlinSS. 
Re-written and enlarged by Robbet Huirr, FJLS. assisted by numerous 
Contributors eminent in Science and the Arts. With 2,000 Woodcuts. 8 vols. 
8vo. lln £>eceniAer. 

ENCYCLOPJEDIA of CIVIL ENOINEEEDrO, Historical, Theoretical, 
and PracticaL By E. Cbesy, G.£. With above 8,000 Woodcuts. Svo. 42s. 

TREATISE on KILLS and MILLWORK. By W. Fairbairk, C JBI. 
Second Edition, with 18 Plates and Sti Woodcuts. 2 vols. 8vo. 82«. 

Vsefal Information for Engineers. By the same Author. First 
and Sbcoitd Sbbies, with many Plates and Woodcuts. 2 vols, crown Svo. 
lOf. ed, each. 

The Application of Cast and Wrought Iron to Building Purposes. 

By the same Author. Third Edition, with 6 1 lates and 118 Woodcuts. Svo. 16*. 

IRON SHIP BTJILBINO, . its History and Progress, as comprised in a 
Series of Experimental Researches on the Laws of Strain ; the Strengths, 
Porms, and other conditions of the Material ; and an Inquiry into the Present 
and Prospective State of the Navy, including the Experimental Results on 
the Resisting Powers of Armour Hlates and Shot at High Velocities. By the 
same Author. With 4i Plates and 130 Woodcuts. Svo. 18«. 

The PRACTICAL KECHANIC*S JOURNAL: an Tlnstrated Record 
of Mechanical and Engineering Science, and Epitome of Patent Inventions. 
4to. price Is, monthly. 

The PRACTICAL BRAITOHTSMAN'S BOOK of INDITSTRIAL DE- 

SIGN. By W. JoHirsoir, Assoc. Inst. C.E. With many hundred Illustrations. 
4to. 2Ss, 6(1, 

The PATENTEE'S ULANTTAL : a Treatise on the Law and Practice of 
X/etters Patent for the use of Patentees and Inventors. By J. and J. H.- 
Johnson. Post Svo. 7s. 6d, 

The ARTISAN CLTTB'S TREATISE on the STEAM ENGINE, in its 
▼arious Applications to Mines, Mills, Steam Navigation, Railways and Agri- 
culture. By J. BouBNE, C.E. . Seventh Edition ; with 37 Plates and 646 
Woodcuts. 4to. 4&8. 

Catechism of the Steam Engine, in its various Applications to 
Mines, Mills, Steam Navigation, Railways, and Agriculture. By the same 
Author. With 109 Woodcuts. Fcp. 9». The Inteoduction of * Recent 
Improvements' may be had separately* with HO Woodcuts, price Zs. 6d, 

Aandhook of the Steam Engine. By the same Author, forming a 
Kbt to the Catechism, of the Steam Engine, with 67 Woodcuts. Pep. 9s, 

A TREATISE on the SCItEW PROPELLER, SCREW VESSELS, and 
Screw Engines, as adapted for purposes of Peace and War ; illustrated by 
many Plates and Woodcuts. By tire same Author. New and enlarged 
Edition, in course of publiontion iu 24 Parts. Royal 4to. 2s, 6d. each. 

The THEORT of WAR Illustrated by nnmerons Examples from 
History; Bjr Lieut.'.Col. P. L. MacDotjgall. Third Edition, with 10 Plans. 
Post Svo. 10«.C<f. 



** 



18 VEW WORKS TWUSKMD wr LONOMAITS avd OO. 

Hm ABT of PSRFDKEBT ; the Historj and Theory of 0<)mirB, snd 
the Method! of BztrftctinK the AromM of Plants. J^ Dr. PzMta, fJOA. 
Third Bdition. with 53 Wocdcute. Crown Sro. 10». Oci. 

Ok«mieal, Hatural, and Phjaioal JCagie, for Joveniles during the 
HoUdaya. Bjr the same Author. Third£ditioa,en]aa:sed,withS8 Woodcuti. 
Pep. 6f. 

TALPA; or the Chronicles of a Clay Farm. By C. W. Honmrg, 
Esq. Sixth Bdition, with 24 WoodouU by O. CxuiKBHAiTK. ieDM.fit.ld. 

LOUDOV*S ZHCTCLOPJBDIA of A0SIC1TLT1JBS : comprimng the 
Laring-out* Improvement, and Mana^cement of Landed Property, and the 
Cultivation aiid Bcotiomy of the Productiona of Agricultureu With 1,IM 
Woodcuta. 8T0. 8U. 6d, 

Loudon*! Snoylopsedia of C^doning : comprising the Theory and 

Practice of Horticulture, Floriculture, Arboriculture, and Landaeape Gar- 
dening. With l.UOO WoodcutA. 8vo. 31«. 6d. 

London's Enoydopsedia of Cottage, Farm, and Villa AroMteotus 
and Furniture. With more than 2,000 Woodcuta. 8vo. 4&», 

GABDEN ABGHITECTTrBE and LANDSCAPE OABDEKUrG: illos- 
tracing the Arrbiteotural Embelltahment of Gardens, with Remarks on 
lAiidiioape Gardening in itti relation to Architecture. By JobvAbxhvb 
UuoHJW. 8to. with IM Woodcuu, 14b. 

HIBTOBT of WnrDSOB GBEAT PABK and WIHDSOB P0BE8T. 
By William Mbnzies, Resident Deputy-Surveyor. With 2 Maps and 80 

Pnotograpiut. Imp. folio, i!4M. 

BATLDOH'S ABT of VALinKG BEKTS and TILLAGES, and aauns 
of Tenants upon Quitting Farms, both at Michaelmas mad. Lady-Day. 
Eighth Edition, revised by J. C. Mobtov. 8vo. 10«. 6d, 



Religious and Moral Works. 

Am EXPOSITION of tho 39 ARTICLES, Historical and Doctrinal 
By E. UxJiOLD Bbownb, 1).D. Lord Bishop of Ely. Seventh Edit. 8vo. 16«. 

Tko Pentatench and the Elohistio Psalms, in Reply to Bishop CoJenso. 
By the same. Second Edition. Kvo. is. 

Examination Questions on Bishop Browne's Exposition of the 
Articles. By the Rev. J. GOBLE, MA. Fcp. S«. M. 

The ACTS of the APOSTLES ; with a Commentary, and Practicnl and 
Devotional Suggetstions for Ueaders and Students of the English Bible. By 
the Rev. F. C. i ook, M.A. Canon of iixeter, Ac. New Edition. 8vo. lis. td. 

Tho LITE and EPISTLES of ST. PAUL. By W. J. Contrbabs, 
M.A. late Fellow of Triu. Coll.Gantab. and J. S. Howsoir, D.D. laie Principal 
of Liverpool College. 

LiBBABT Editiob, with all the Original Illustrations, Maps, Landscapes 
on Stuei, Wooduuis. Ac. 2 voIh. 4to. 4Hs, 

Intbbmbdiatb EDITI05, with a Selection of Maps, Plates, and Woodcuts. 
2 vol8. square crowu 8vo. 'ils. 6d, 

People's Editioh. revised and condensed, with 46 Illustrations and 
Maps. 2 vols, orowu 8vo. lis. 
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The VOTiieE and SHIPWBECK <a ST. PATTL ; wirh Dissertations 
on the Life and Writings of St. Luke and the Ships and Navifcation of t)ie 
Ancients. By James Smith, of Jordanhiil, FB.S. Third Edition, with 
Froiitiiipieco, 4 Charts, and 11 Woodcuts. Crown 8vo. Ito. dd, 

FASTI SAGBI, or a Key to the Chrun<>lo<ry of thq New Testament ; 
comprising an Historical Harmony of the Four Gospels, and Chronological 
Tables generally from b.c. 70 to a.d. 70 : with a Preliminwrv Dissertation on 
thu Chronology of the New Testament, and otlier Aids to the elu(^daiiou of 
the subject. By Thomas LBWijer, M.A. F.S.A. Imperial 8vo. 42*. 

A GBITICAL and 6BAKMATICAL COHMEKTABT on ST. PATTL'S 

£pistles. By C. J. Ellicoti, D.D. Lord Bishop of Gloucester andBrigtoL 8to 

Galatians, Third Edition, 8«. 6d. 

Sphesians, Third Edition, 8«. 6</. 

Pastoral E^stlea, Third Edition, 10«. B(L 

Philippians, Colossians, and Philemon, Third Edition, 10«. 6d. 

Thessalonians, Second Edition, 7«. 6d, 

Historieal Leetnres on the Life of onr Lord Jesne Christ : being the 
Hulsean Lectures for 1859. By the same Author. Fourth Edition. 8vo. 
price 10s. 6d, 

The Destiny of the Creatnre; and other Sermons preached before 
the University of Cambridge. By the same. Fourth Edition. Post Svo. 68, 

The Broad and the Narrow Way; Two Sermons preached before 
the University of Cambridge. By the same. Crown 8vo.2«. 

Kev. T. H. HOBNE'S INTBOBTIGTIOH to the GBITICAL STUDT 

and Knowledge of the Holy Scriptures. Eleventh Edition, corrected and 
extended under careful Editorial revision. With 4 Maps and 2r^ Woodcuts 
and Facsiniilos. 4 vols. 8vo. £3 IZs. dd. 

Bey. T. H. Home's Compendions Introdnction to the Stndy of the 
Bible, being an Analysis of the larger work by the same Au^or. Be-edited 
by the Rev. John Atbe, M.A. With Maps. Ac. Post 8vo. 98, 

The TBEASTJBT of BIBLE KNOWLEDGE; being a Dictionary of the 

Books, Persons, Places. Events, and other inalters of which mention is made 
in Holy Scripture: intended to establish its Authority luid illustrate its 
Contents. By Rev. J. Aybe, MJl, With Maps, 16 Plates, and numerous 
Woodcuts. Fcp. lOs. 6d. 

The GBEEK TESTAMENT; with Notes, Grammatical and Exegetical. 
By the Rev. W. Websxeb, M.A. and the Bev. W. F. WiuuHSOsr, MJL. 2 
vols. 8vo. £2 4& 

Vol. I. the Gospels and Acts, 20«. 

YoL. IL the Epistles and Apocalypse, 24s. 

EVEB7-DA7 SGBIFTTJBE DITFICULTIES explained and illustrated. 
By J. E. Pbbscott, M Jk. Vol. L Matthew and Mark; Vol. II. Luke and 
John. 2 vols. 8vo. 2a. each. 

The PENTATEUCH and BOOK of JOSHUA GBITICALL7 EXAMINED. 
By the Right Rev. J. W. Colenso, D.D. Lord Bishop of Natal. People's 
Edition, in 1 vol. crown 8vo. Qa. or in 5 Parts, \8, each. 

The PENTATEUCH and BOOK of JOSHUA CBITICALLT EXA MINED. 
By Pi*or. A. KuENSN, of Leyden. Translated froro the Dutch, and edited 
with Notes, by J. W. Colenso, D.D. Bishop of NataU 8vo. S8, 6d. 
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The CHTTBGH and the WOBLD : Essays on Questions of the Dsj. 
By VariouH Writen. Bdited by the Bev. Osbt SHiPiiET, M.A. Second 
Editiou, thoroughJy revised, 8vo. 15«. 

The FOBMATIOH of CHBISTENDOM. Fjlbt L Bjr T. W. Allies, 
8to. 12«. 

CHBISTEKDOirS DIYISIOKS : a Philo80))hical Sketch of the Dm- 
•ions of the Christian Family in East and West. By Epmuitd S. Ffovlkes, 
formerly Fellow and Tutor of Jesus ColL Oxford. Post Svo. 7s. 6d. 

Christendom*! DlTlsions, Part II. Greeks and Latins, being a His- 
tory of their Di8s«fiisions and Overtures for Peace down to the Beformatiou. 
By the same Author. INearljf readg. 

The LIFE of CHRIST : an Eclectic Gospel, from the Old and New 
Testaments, arranged on a New Principle, with AnalytioU Tables. &c. By 
Charles De la Pbtmb, M.A. Triu. Coll. Camb. Revised Edition. 8va U. 

The HIDDEN WISDOM of CHRIST and the KEY of KNOWLEDGE ; 

or, History of the Apocrj'pha. By Ernest de Bunsex. 2 vols. 87o. 28f. 

ESSAYS on RELIOION and LITERATURE. Edited bj the Most 
Bev. Archbishop Mannino. 8vo. 10s. M, 

The TEMPORAL MISSION of the HOLY GHOST ; or. Reason and 
Bevt^lation. liy the Most Bev. Archbishop Manning. Second fidition. 
Crown 8vo. 8s. (k/. 

ESSAYS and REVIEWS. Bj the Rev. W. Templb, D.D. the Rev. 
B. Williams, B.D. t)i« Rov. B. Powell, M.A. the Ber. H. B. Wilson, 
B.D. 0. W. Goodwin. M.A. the Bev. M. Pattison, BJ), and the Bev. B. 
JOWETT, M.A. Twclflh Edition. Fcp. 8vo. bs. 

MOSHEIM'S ECCLESIASTICAL HISTORY. Murdock and Soasies^s 

Translation and Notes, rt-cdited by tho Rev. W. Stubbs, M.A. 3 vols. 
Svo. 459. 

BISHOP JEREMY TAYLOR'S ENTIRE WORKS: With Life by 
Bishop Heueu. Revised and corrected by tlie Bev. C. P.Eden, 10 volL 
prico £5 5s. 

PASSING THOUGHTS on RELIGION. By the Author of *Amy 
Ilerbert.' Xew Editiou. Fcp. Svo. 5^. 

Thoughts for the Holy Week, for Young Persons. By the same 
Author. Third Edition. Fcp. Svo. Is. 

Self-Examination before Confirmation. By the same Author. 32mo. 
price Is. Qd. 

Readings for a Month Preparatory to Confirmation, from Writers 
of the Early and Euglish Church, liy the same. Icp. -is. 

Readings for Every Day in Lent, compiled from the Writings of 
Bishop Jeremy Tatlok. By the same. Fcp. 5s. 

Preparation for the Holy Communion; the Devotions chiefly from 
the works of Jeremy Tayloe. By the same. 32mo. Zs. 

PRINCIPLES of EDUCATION Drawn from Nature and Revelation, 

and applied to Female Education iu the Upper Classes. Hy the same. 
2vols. fcp. 125.eW. 
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The WIEFS KANITAL; or. Prayers, Thoaghts,and Songs on Several 
Occasions of a Matron's Life. By the Bey. W. Galysbt, M JL. Grown 8vo. 
price 10s, 6d. 

SPntmiAL SONGS for the SUNDAYS and HOLIDATS throagh- 

out the Year. By J.S.B.Moirs£LL,LLJ).yicar of Egham. Fourth Edition. 
Pep. 4«. 6d. 

The Beatitudes : Abasement before God ; Sorrow for Sin ; Meekness 
of Spirit; Desire for Holiness; Gentleness; Purity of Heart; the Peace- 
makers ; Sufferings for Christ. By the same. Third Edition. Fop. Ss. 6(f. 

LYBA BOMESTIGA; Christian Songs for Domestic Edification. 
Translated from the Pftaltery and Harp of C. J. P. Spitta, and from other 
sources, by Richard Massie. Fibst and Second Sebies, fop. 49. Qd, each. 

LYEA SACBA; Hymns, Ancient and Modem, Odes and Fragments 
of Sacred Poetry. Edited by the Rev. B. W. Savilb, M.A. Third Edition, 
enlai^ed and improved. Fcp. 5«. 

LYRA OEBMANICA, translated from the German by Miss C. Wink- 
woETH. F1B.ST Series, Hymns for the Sundays and Chief Festivals; 
Second Sebies, the Christian Life. Fcp. 5«. each Sebies. 

Hymns from Lyra Germanica, 18mo. Is, 

LYBA ETJCHABISTICA ; Hymns and Verses on the Holy Communion, 
Ancient and Modern : with other Poems. Edited by the Rev. Obbx Ship- 
ley, M.A. Second Edition. Fcp. Is. 6d, 

Lyra Messianica ; Hymns and Verses on the Life of Christ, Ancient 
and Modern; with othor Poems. By the same Editor. Second Edition, 
altered and enlarged. Fcp. 7s, Qd, 

Lyra Mystica ; Hymns and Verses on Sacred Subjects, Ancient and 
Modern. By the same Editor. Fcp. Is. 6d, 

The CHORALE BOOK for ENGLAND; a complete Hymn-Book in 
accordance with the Services and Festivals of the Church of England: the 
Hymns translaled by Miss C. Winkwobth; the tunes arranged by Prof, 
w. S. Bennett and Otto Goldschmidt. Fcp. 4to. 12». Qd, 

Congregational Edition. Fcp. 2s, 

The CATHOLIC DOCTRINE of the ATONEMENT: an Historical 
Inquiry into its Development in the Church ; with an Introduction on the 
Principle of Theological Developments. By H. N. Oxenham, MA. for- 
merly Scholar of Balliol College, Oxford. 8vo. 8*. 6d, 

PROM SUNDAY TO SUNDAY : an attempt to consider familiarly the 
"Weekday Life and Labours of a Country Clei^yman. By R. Gee, M.A. 
Ticar of Abbott's Langley and Rural Dean. Fcp. 5s, 

Our Sermons : an Attempt to consider familiarly, but reverently, the 
Preacher's Work in the present day. By the same Author, Fcp. Qs. 

FALETS MORAL PHILOSOFHY, with Annotations. By Richabd 
Whatelt, D.D. late Archbishop of Dublin. 8vo. 7s, 



TAVOOVTIB laLUD Mtd BBITIIH OOUnOU; iUb Wmh, 

lt.M).rra.->. Mid l>n«|wcH. tf MAVTMtW Ibon; r.R.Sft mb Hm 

*iiJ liiiutntiuiui. 8Ta, 18«. 

miTDBT Of DIKOTSST la nr AUSTBAUKAV OffCMBI, 

AiiKLftlll, TMn.KrilL UKl New ZuaUnil, rrom U>« Ear>i«t UM* to IkB 
Prr.M'lll Dh, II> WiLUiH HowiTT, Witb 3 »«»■ cf Um Bmb^ BoAM- 

llti.u m>iu Uffiuiil tiuurHM. £ roll. MO, Dta. 



Xhs DOIOHITS KOUBTAUrS. Excnniooi Ihronsh Tfrol. CarvnlU*, 

i.nr In, uid fHuIl Id 1M1, 1H«, wid INI. Bi' J. Otunr ud O. C. 

l.iiuucuiLi, V.U.QM. Wllh I - " 
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A LAIIT8 TOUB BOTJHD XONTE B08A; inclading Visits to the 
Itftliftn Valleys. With Map and IHuatrations. Post 8to. lis, 

0UIBS to the PYBEHEES, for the nse of Moontaineers. Bjr 
Ghasues Packs. With Maps, &c. and Appendix. Fcp. 69. 

The ALPINE GUISE. By John Ball. M.R.I.A. late President of 
the Alpine Club. Post 8to. with Maps and other Illustrations. 

Chiide to the Eastern Alps, nearly ready, 

Gnide'to the Western Alps, inclading Mont Blanc, Monte Kosa, 
Zermatt, &c 7«. Gd. 

Onide to the Oherland and all Switzerland, excepting the Neighbour- 
hood of Monte Birtsa and the Hrcat St. Bernard ; with Lombard^' and the 
a^joiuing portion of TyroL 7«. 6d. 

A GUIDE to SPAIN. By H. O^Shxa. Post 870. with Trarelling 
Map, 15«. 

CHBI8T0PHEE COLTTHBUS ; his Life, Voyages, and DiscoTories. 
Sevised Edition, with 4 Woodcuts. 18mo. 2«. 6d. 

CAPTAIN JAMES COOK ; his Life, Voyages, and DiscoTCries. Reyised 
Edition, with numerous Woodcuts. ISnio. 2m. Qd, 

WnaOLDTB TBAVELS and BISCOVEBIES in SOUTH AMEEICA. 
Third Edition, with numerous Woodcuts. 18mo. 2s, 6d. 

KABEATIVBS of miPWBECXS of the BOYAL NAVT between 1793 
and I8fi7, compiled trom ( Official Documents in the Admiralty by W. O. S. 
GiLLT ; with a Pref&ce by W. 8. Gillt, D J). Third Edition. Pep. 5s. 

A WEXK at the LAND'S END. By J. T. Blight ; assisted by E. 
H. Bodd. B. Q. Couch, and J. Ralib. With Map and 66 Woodcuts. Fcp. 
pnoe9s,ed, 

TJSrSB to BEMABXABLE PLACES : Old Halls, Battle-Fields, and 
Scenes Illustrative of Striking Passages in English History and Poetry. 
By William Uowitt. 2 vols, square crown 8to. with Wood Euf^lraYiugs, 
price ies*. 

Tke BUBAL LIFE of ENGLAND. By the same Author. With 
Woodcuts by Bewick and Williams. Medium 8Te. Us, 642. 



Works of Fiction. 

PBIOBT. By L. N. Coimr. 2 toIs. post 8to. 21*. 

Ellio« : a Tale. By the same Aathor. Post Sto. 9s. 6d. 

nO!BIES and TALES by the Author of * Amy Herbert,' uniform 
Bditioii, each Tale or Story complete in a single Volume. 

Ivors, Ss, 6d, 



▲mt Heebbbt, 2t.6cl. 
Obbtkupe. 28. lid, 
Eakl's Dadohtbr,2«. 6<l. 
BxPKRiBMCB of Livb, 2». 6d. 
CUiVS VULL,Ss,td. 



Kaxuabihb Ashtov, Ss. ed, 
Maroabbt Pebcival, 5s. 
Labktob Pakbobaqb, if. 6d. 



A 01lmpte of the World. By the Aathor of 'Amy Herbert.' Fcp. 7«. Sd. 
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fii-i^aa* CSAXZCXXS: aTi>rh»crmrxTe orPrfrsteLHeiBOiCtbe 

JotfwiTC ^^>«HL> yr.'.h S ;c .'^ *=«£ gA-r. - nawuL Xew EditxMi. FtHl fraTt. td. 

miAT^'C tIGSnW Ccjpc-^^ bj Jon Aksasox. Selected and 

•?•:. -.* / -.:•? ..-^.a. : i.^.' : ...i-'-' r-. »E'i i 11". . >:n-.*>c;» ocWoodL 1>. Mo. ilt. 
Tw VA2-S3r A N :▼.'- 5/ A^T-v^"<r TsiOLiOKE. Cn-»wr. !»Tt\ 2^ 6c/. 
l»r:i»r:;T T^-r^n i >^:-;I :o * T_* Wirvi-.n.' Br ihe same 



C-OrrZTS 5X-:C3rD FATTST Trir^V.^i br JoM!c Akjtef. LLD. 

TlSiO 5 JZarSATTlt DZLmaXD. Trm-.-lat^d into Enzli-h Vtr>c 
, < - ; 'i-.>.:*T- >« J i»Yr S:. Ma. 1 t; ». r.-p. w::h F».7»;a.iK IW. 

POZT'.CAl WOEZS :f JOHN ETaTTyD SEADE : ^ -h r.-.ol U^^Uati 
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MOOEFS IBISH MELODIES, Maclise's Edition, ^ith 161 Steel Plates 
from Original Drawings. Super-royal 8vo. 81«. 6(2. 

Miniatnre Edition of Hoore's Irish Melodies virh Maclise's De- 
signs (as above) reduced in Lithography. Imp. 16ino. 10«.6d. 

MOOBE'S LALLA BOOKH. Tenniel's Edition, with 68 Wood 
Engravings from original Drawings and other Illustrations. Pep. 4to. 21». 

SOVTHEY'S POETICAL WOBKS, vrith the Author's last Corrections 
and copyright Additions. Libmry Edition, in 1 vol. medium 8vo. with 
Portrait and Vignette, 149. or in 10 vols. fcp. Ss. Qd. each. 

LAYS of ANCIENT BOHE ; with loiy and the Armada. By the 
Eight Hon. Lokd Macaulat. 16mo. 4«. Qd, 

Lord Macanlay's Lays of Ancient Borne. With 90 Illastrations on 
Wood, Origiiml and lh>m the Antique, from Drawings by 6. Schabp. Pep. 
4to. 21s, 

Miniature Edition of Lord Macaulay's Lays of Ancient Borne, 
with Maclise's Designs (as above) reduced in Lithography. Imp. 16mo. 
lOs.ed, 

POEMS. By Jean Inoelow. Eleventh Edition. Fcp. 8vo. 5s. 

Poems by Jean Ingelow. A New Edition, with nearly 100 Illustra- 
tions by Eminent Artists, engraved on Wood by the Brothera Dalziel. 
Fcp. 4to. 2l«. 

POETICAL WOBKS of LETITIA ELIZABETH LANDON (L.E.L.) 
2 vols. 16mo> 108. 

PLAYTIME with the POETS : a Selection of the best English Poetry 
for the use of Children. Sy a Lady. Eevised Edition. CroAvn Svo. 6s. 

SHAKSPEABE'S SONNETS NEVEE BEFOBE INTEBPBETED ; 
his PRIVATE PRIENDS identified; together with a recovered LIKE- 
NESS of HIAISELP. By Gerald Massey. Svo. 18». 

BOWDLEB'S FAMILY 8HAKSPEABE, cheaper Genuine Edition, 
complete in 1 vol. large type, with 36 Woodcut Illustrations, price 14». or 
with the same Illustrations, in 6 pocket vols. Zs. 6d. each. 

ABTTNDINES CAMI, sive Masarum Cantabrigiensium Lnsus canori. 
Collegit atque edidit H. Druey, M Jk. Bditio Sexta» curavit H. J. Hodgson, 
M.A. Crown Svo. 7«. 6d. 

The JENEID of VIBGIL Translated into English Verse. Bj John 
CoNiNGTOir. M.A. Corpus Professor of Latin in the University of Oxford. 
Crown Svo. 9«. 

The ILIAD of HOMEE TEANSLATED into BLANK VEESE. By 

Ichabod Charles Wright, M.A. late Fellow of Magd. ColL Oxon. 2 vols, 
crown 8vo. 21s. 

The ILIAD of HOMEE in ENGLISH HEXAMETEE YEBSE. By 

J. Henry Dart, M.A. of Exeter College, Oxford: Author of * The Exile of 
St. Helena, Newdigate, 18S8.* Square crown Svo. 21*. 

DANTE'S DIVINE COMEDY, translated in English Terza Rima by 
JOHW Dayman, M.A. [With the Italian Text, after Brunetti, interpaged.] 
Svo. 21*. 

D 
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Rural Sports^ ^'c. 

SVCTGXOPXBIA of BUBAL 8P0BT8; a complete Aeeoont, H»- 
loricul. Pmrtical and DaMTiptiTO, of Huntlmr, Shnotins, Ftehiint; iHlaf, 
At. Rv D. p. BLAiiri. With above 000 WoodcuU (tO fttwi IVaitMi ky 
Joim uncH). 8to. 4<«. 

V0TB8 OB BI7LX SHOOTIHO. Bj Captain HBA<mv. AtlivtMl of 

the Third ManohenU*? Rifle VoluntMr Corps. Reriaed Edition. I^!pl Ik U. 

GOL. HAWUEB*8 IITSTBUCTIOVS to TOUKO 8P0BT81Cra ia aB 

tliat n^latM to Gum and Hhootin^. Beriaad bj the Authoc^ So*. Sfoari 
crown 8vo. with Illuatratioiia. \&i. 

The BI7LE, iU THSOBT and PBACTICE. By AaTHum Walksb 

(7»th Hiphlandert). Staff. Hythe and Fleetwood Scboota of MMkaby. 
Si'cond Edition. OfX)wn 8vo. with 189 Woodcuts. &s, 

Tho DEAD SHOT, or SporUman'i Complete Guide { a Treatiao oe 
the Um of the Gun. Doir-brt'akinR. Pifreon<thootlng, Ac, 'Bj Mabhiiii. 
Rt'vtsiHi Edition. Pep. 8vo. with Plntcfl. fi«. 

HUrrS on SHOOTING, FISHIITO, Ac. both on Sea and Land and ii 

the Pr(>8h and Saltwater Ixx;hs of Scotland; being the SspCTteoeoi of 
C iDui. Second ISdition, reviiied. Fcp. 6m. 

The FLT.7ISHEB*8 EKTOMOLOOT. By Alfkbd Rohaim. With 
colmired Bepreiientatinns of the Natural and Artlfioial Tiirt Siith 
Bdition ; with 20 coloured Platri. 8vo. lit. 

EAKDBOOK of ANGLING : Teaching Flj.fishin^, Trolliiif^. Bcmom- 

flHlitiiK, Salmon-ftHhinfTi with thn Nntural HiHtory of River Fitth, and the 
Umt modeit of Catching thorn. By Epubmbra. Fcp. Woodcuts, 5a. 

The CBICKET FIELD ; or, the ilisiory and the Science of the Game 
of Cricket, By James Ptcboft, B.A. Fourth Editiou. Fcp. &t. 

The Cricket Tutor ; a Trcatiuc exclusively Practical. By the same. 

Isino. I*. 

Cricketana. By the same Author. With 7 Portraits. Fcp. St. 

The HORSE-TRAINEB'S and SPORTMAN'S GUIDE: with Consider- 

af iwriH on tlip Dutit's of (Jntoms. on I'lirchaNiiig^ Blootl Slock, and on Veleri- 
n.iry Examination. Hy DiOBY Collins. Po?»t 8vo. 6«. 

The HORSES FOOT, and HOW to KEEP IT SOUND. By W. 

Jin Es. K'sq. Niiitli Edition, with lllustratitnis. Imporiiil 8vo. \2s. 6d. 

A Plain Treatise on Horse-Shoeing. By the samo Author. Post 

8vo. with Illustrations, 2*. 6d. 

Stables and Stable-Fittings. By the same. Imp. 8vo. with 13 Plates, 15*. 
Remarks on Horses' Teeth, adilresscd to Purchasers. By the same. 

l'or»t bVM. Is. ad. 

On DRILL and MANCEUYRES of CAVALRY, combined with Tforse 
ArfilUry. liy Major-cJeii. MicilABL W. SMITH, C.B. Cummandhig the 

I'u ri.ili DiT'sioii of the Bo>i)b:iy Army. 8vo. \2h. 6d. 

BLAINE'S VETERINARY ART; a Trentise on tho Anatomy. Phyii- 
olry. aixi Ci.rHfi>e Tn'atment of tho Diseases of the Horse, N»««l Cattle, 
an. I 8 'es'p. Seventh H'litioti, revised and enlarged by C. Btesl, M..B.U«V.ttX.' 
8vo. with Flatee and WoodcutJi, 18*. 
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The HOBSE: with a Trearise on Dranght. By Wiluam Yodatt. 
New Edition, revised and enlarged. 8to. with numerous Woodcuts, 10«. M» 

The Dog^. By the same Author. 8vo. with numerous Woodcuts, 6«. 

The DOO in HEALTH and DISEASE. Bj Stomshenob. With 70 

Wood Engravings. Square crown 8vo. 15«. 

The Greyhound. By the same Author. Bevised Edition, with 24 
Portraits of Greyhounds. Square crown 8to. 21«. 

The OX ; his Diseases and their Treatment: with an Essay on Parturi- 
tion in the Cow. By J. £.Dobson, M.B.C.V.S. Orown 870. with Illustrations* 
price *J9, Qd. 



Commerce^ Navigation^ 2wid Mercantile Affairs. 

BAHKIKG, CT7RBENCY, and the EX0HAKGE8 : a Practical Trea- 
tise. By AsTHUB Cbump, Bank Manager, formerly of the Bank of England. 
Post 8vo. 6«. 

The THEORY and FBACTICE of BANKIKO. By Henrt Dukntno 

l^ACLEOD, M.A. Barrister-at-Law. Second Edition, entirely remodelled, 
2 vols. 8vo. aO«. 

FBAGTICAL GUIDE for BBITISH BHIFXASTEBS to ITinTED 

States Ports. By Piehbepont Edw^sds, Her Britannic Majesty's Yice- 
Gousul at New x ork. Post 8vo. 8«. ^d, 

A NAUTICAL DICTIONABT, defining the Technical Lanp^nage re- 
' Utive to the Building and Equipinent of Sailing Vessels and Steamers, &c. 
By Abthus Youira. Second Edition ; with Plates and 150 Woodcuts. 
8to. 18«. 

A DICTIONABY, Practical, Theoretical, and Historical, of Com- 
merce and Commercial Navigation. By J. B. M'CuLLOCH, Esq. 8vo.with 
Haps and Plans, 50«. 

A KANUAL for NAVAL CADETS. By J. M*Nxil Botd, late Cap- 
tain a.N. Third Edition; with MO Woodcuts and 11 coloured Platea. 
Post 8vo. \2m, Qd, 

The LAW of NATIONS Considered as Independent Political Com- 
munities. B? Tra VBRS Twiss, D.C.L. Begius Professor of Civil Law in the 
University of Oxford. 2xV0ls. 8vo. 'Ms. or separately, Past L Peoo*, 12t. 
PJJIT 11. War, 18». 



Works of Utility and General Information. 

XODEBN COOKEBT for PBIYATE FAMILIES, reduced to a Syf^tem 
of Easy Practice in a Series of carefiilly-teMted Beceipts. By Eliza Actov. 
Newly revised and enlarged; with 8 Plates, Figures, and 150 Woodcuts. 
Pep. 7«. 6d. 

On FOOD and its DIGESTION ; an Introdnction to Dietetics. By 
W. BaiNTOir. M .D. Physician to- St. Thomas's Hospital, dbc. With 48 Wood- 
cuts. Post6vo.l2«. 
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WmS, thA YIHE, and the CELLAB. Bf Thomas 6. Sh\w. Se- 
cond Edition, revised uid enkurged, with Froiitijipiece and 31 lUustnitioiu 
on Wood. 8to. \9§, 

HOW TO BBEW OOOB BEEB : a complete Guide to the Art of 
Brewing Ale, Bitter Ale, T&ble Ale, Brown Stout, Porter, and Table Beer. 
By John Pitt. Revised Edition. Fcp. 4». M, 

4 PBACnCAL TBEATI8E on BBEWIHO ; with Formuln for Public 
Brewers, and Instructions for Private Families. By W. Black. 8vo. 10i.6d. 

SHOBT WHIST. Bj Major A. Sixteenth Edition, revised, with an 
Essay on the Theory of the Modem Scientific Game by PsoF. P. Fcp. 3f. 6d. 

WHIST, WHAT TO LEAD. Bj Cam. Third Edition. 32mo. U 

The EZECUTOB'S GUIDE. Bj J. C. Hudson. Enlarged Edition, 
revised by the Author, with reference to the latest reported Cases and 
Acts of Parliauiont. Fcp. 6». 

Hadson'i Plain Directions for Making Wills. Fcp. 2«. 6J. 

TWO HTTNDBED CHESS PBOBLEMS, composed bj F. Hsalet, 

including tbo Prolilcms to which the Prizes wercawardod by the Committees 
of the Kra, tho Manchester, the RiriDingham, and the Bristol Chess Problem 
Tournamouts; accompanied by the Solutions. Crown 8vo. with 200 l)ia> 
grams, is. 

The CABINET LAWTEB ; a Popular Digest of the Laws of England, 
Civil, Criminal, and Constitutional. Twenty-second Edition, entirely re* 
coini»oRcd. and brought down by the Autixok to the close of the Parliaanen- 
tary Session of 186A. Fcp. 10«. 6</. 

The PHILOSOPHY of HEALTH ; or, an Exposition of the Fhjsio- 
losrical and Sanitary Conditions conducive to Human Longevity and 
itap|)inett8. By SouTiiwooD Smith, M.D. Eleventh Edition, revised and 
enlarged : with 113 Woodcuts, 8vo. 16«. 

HINTS to MOTHERS on the MANAGEMENT of their HEALTH 

during the Period of Pregnancy and in the Lying-in Room. ByT.BuLl, 
M.D. Fcp. 5a. 

The Maternal Management of Children in Health and Disease. By 

th(^ same Author. Fcp. 6.^. 

The LAW BELATING to BENEFIT BUILDING SOCIETIES; with 
]*ractical Observations on the Act and all the Cases decided thereon ; also a 
Fonii of Rul(;s and Forms of Mortgages. By W. Tidd Pbatt, Barrister. 
Second Edition. Fcp. 3«. G(/. 

NOTES on HOSPITALS. By Florence Nightingale. Third Edi- 
tion, enlarged ; with 13 Plans. Post 4to. 18«. 

C. M. WILLICH'S POPULAE TABLES for aficertaining the Value 
of Lifehold, Leasehold, and Church Property, Renewal Fines, &c. ; the 
Public Funds; Annual Average Price and Interest on Conso's from 1731 to 
1861 ; Chemi(ral, Geographical, Astronomical, Trigonometrical Tables, Ac. 
Post 8vo. 10*. 

THOMSON'S TABLES of INTEEEST, at Three, Four, Four and a 
Half, and Five per Cent, from One Pound to Ten Thousand and from 1 to 
86') Days. 12u)o. 3*. Gc/. 

MAUNDEK'S TEEASUEY of KNOWLEDGE and LIBBABY of 

Referem.'e: comprising an English Dictionary and Grammar, Universal 
Gazetteer. Classical Dictionary. Chronology. Law Dictionary, a Synopsis 
of the Pei'rage, useftil I'ables, &f:. Revised Edition. Fcp. 10«. G</. 
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